




VA»a»M &* /«VATTSV«AA«/»V^WaUV / hijto _Alt hit! .«£ u *2 ■ dl f .3mI»II ,y :,UY1 f A< 

.vi.♦viiT-v/ .VArrav.AV^ / .-..au£ji **> ^ 4ji«u = t U1I 

frhUl )L* : ^Jl&t r jtJI A 


V*."OVV.*\ / »VA»AAi»T-V/ .VV.1MATM / t-ijU 


0 Q ^mlazemna 















f KHflU 45 ^ 


E-mail: shamsbookstore@yahoo.com 

f " —--—----■\ 

j*yu dh«u jjjj JUI %«^Ui tiiA jt 
J9 SaUI j*. jJU UXwu ^Ul 2UjJU( 

^UsW^ff t^£> %kdjsk Qd& \ 

I foUt Jyj jrf 

j-* a^LtfVt UmJUi you* 



♦vvmww 


07808140307 3>*y^ 

♦VY**V4W41 

07832570879 


A'lfW 1 
** W 


07901753461 ‘ y&j 

* 


07832570880 

















■ 


I JU> / aUfil j«UJI OoU ilM =.)l 


cLpl^lll 

•• w •• 


'■'. -..-'A,* 



aLLujIJI a|ac| 



£Uo 4^JI rOJJULS yjULUJ 

* ■ ■* II >■ * I A 

qjjxojoJI <ugjb 
lJIjjldDI qjqJLj 


>6ijj| ^-4I^UI eMw g^a-SJI *fi» ouu —bi m 

♦vt* ♦mm *ja - - ^»y <j* 

♦V{ * * mr *v jb *>i- ^l^il j^n ^ ^LUI frill 

♦YA^o.tMtr . *va* wamwjjb** 


v-^ 


§oo mlazemna 


l<^0-4£>l W^O £/> jC/VxJI (±J>£>I 


































^ .U jI uuaiJ r 1 ;"^ 14 




lih alocf? cijjaJj a joe 19 IAJ90J9 pslid! 


JJic. 

W\ 
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^ \\ 

J ^C- 

w\ 

1 

■ 6 " ?/■■* 

j*J\ 

-2 j.L-rfVxyJt 

101 

44 

4u 

Ruthenium 

55 

25 

Mn 

Manganese 

150 

62 

Sm 

Samarium 

256 

101 

Md 

Mendelevium 

45 

21 

Sc 

Scandium 

201 

80 

Hg 

Mercury 

79 

34 

Se 

Selenium 

96 

42 

Mo 

Molybdenum 

28 

14 

Si 

Silicon 

144 

60 

Nd 

Neodymium 

108 

47 

Ag 

Silver 

20 

10 

Ne 

Neon 

23 

11 

Na 

Sodium 

237 

93 

Np 

Neptunium 

79 

38 

Sr 

Strontium 

59 

28 

Ni 

Nickel 

32 

16 

S 

Sulfur 

93 

41 

Nb 

Niobium 

181 

73 

Ta 

Tantalum 

14 

7 

N 

Nitrogen 

99 

43 

Tc 

Technetium 

253 

102 

No 

Nobelium 

128 

52 

Te 

Tellurium 

190 

76 

Os 

Osmium 

159 

65 

Tb 

Terbium 

16 

8 

O 

Oxygen 

204 

81 

Ti 

Thallium 

106 

46 

Pb 

Palladium 

232 

90 

Th 

Thorium 

31 

15 

P 

Phosphorus 

169 

69 

Tm 

Thulium 

195 

78 

Pt 

Platinum 

119 

50 

Sn 

Tin 

242 

94 

Pu 

Plutonium 

48 

22 

Ti 

Titanium 

210 

84 

Po 

Polonium 

184 

74 

W 

Tungsten 

39 

19 

K 

Potassium 

238 

92 

U 

Uranium 

141 

59 

Pr 

Praseodymium 

51 

23 

V 

Vanadium 

145 

61 

Pm 

Promethium 

131 

54 

Xe 

Xenon 

231 

91 

Pa 

Protactinium 

173- 

70 

Yb 

Ytterbium 

* 226 

88 

Ra 

Radium 

89 

39 

Y 

Yttrium 

m 

86 

Rn 

Radon 

65 

30 

Zn 

Zinc 

186 

75 

Re 

Rhenium 

91 

40 

Zr 

Zirconium 

103 

45 

Rh 

Rhodium 
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254 

99 

Es 

Einsteinium 

167 

68 

Er 

Erbium 

152 

63 

Eu 

Europium 

253 

100 

Fm 

Fermium 

19 

9 

F 

Fluorine 

223 

87 

Fr 

Francium 

157 

64 

Gd 

Gadolinium 

70 

31 

Ga 

Gallium 

53 

32 

Ge 

Germanium 

197 

79 

All 

Gold 

178 

72 

Hf 

Hafnium 

4 

2 

He 

Helium 

165 

67 

Ho 

Holmium 

1 

1 

H 

Hydrogen 

115 

49 

In 

Indium 

127 

53 

I 

Iodine 

192 

77 

Ir 

Iridium 

56 

26 

Fe 

Eon 

84 

36 

Kr 

Krypton 

139 

57 

La 

Lanthanum 

259 

103 

Lr 

Lawrencium 

207 

82 

Pb 

Lead 

7 

3 

Li 

Lithium 

175 

71 

Lu 

Lutetium 

24 

12 

Mg 

Magnesium 


227 

89 

Ac 

Actinium 

27 

13 

A1 

Aluminum 

243 

95 

Am 

Americium 

122 

51 

Sb 

Antimony 

40 

18 

Ar 

Argon 

75 

33 

As 

Arsenic 

210 

85 

At 

Astatine 

137 

56 

Ba 

Barium 

247 

97 

Bk 

Berkelium 

9 

4 

Be 

Beryllium 

209 

83 

Bi 

Bismuth 

11 

5 

B 

Boron 

80 

35 

Br 

Bromine 

112 

48 

Cd 

Cadmium 

40 

20 

Ca 

Calcium 

249 

98 

Cf 

Californium 

12 

6 

C 

Carbon 

140 

58 

Cc 

Cerium 

133 

55 

Cs 

Cesium 

35 

17 

Cl 

Chlorine 

52 

24 

Cr 

Chromium 

59 

27 

Co 

Cobalt 

63 

29 

Cu 

Copper 

245 

96 

Cm 

Curium 

163 

66 

Dy 

Dysprosium 
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(jljjAll aUol Jlaj ms ^ ji-all ^£11 Ale. ^ 

? Hund's (aaa) Sjclii IaL> / 2 7o» 

Ijlji (J*-uU jl A*j V] AjUall ajA^"'" ^5 jlij jiiLJI ^jjj ^IjAjl ^V 


•‘ i(-AujSlt *-»£ / 28^ 


. tlil jaU ^JjjjSJVI JjS L_ij»j (jl AJaJ /^ 

^ jaI) AA*Jl - dAijjlSlVI A Ac. ji / n-> ^jA3I AAjJI <kj3LM , 

: i^i ^aU= jpSVI jjJI 5ilk Js! j* CiUjjjSIVLj CiVIjjjjVI 4 cr Laj Iaaj ^ 

(1s 2 ,2s 2 , 2p 6 , 3s z , 3p 6 ,4s 2 ,3d 10 ,4p 6 ,5s z f 4d 10 ,5p 6 ,6s 2 I 4f ,4 f 5d 10 , 6p 6 ,/s z ,5f 14 ,6d'°) 

aIjcVI IaLsic.! ajjjjjJI ^ 4j 2VI Aijjiail ^U3I u^y ">) 

[Ar] 18 4s z 3d 10 4p 6 . 

[kr] 36 5s z 4d 10 5p 6 . 

[xe] s4 4f 14 6s 2 5d 10 6p 6 . 

d *—iil£ IaIj J < 9\ t a A 1 ?t^d3 S j<a jj j&]l <*ijj iliUjj&]l ^ j (^ic. <_£jaJ d Ia) ^ 

- (io) ‘ u ^““ s ujj^! V c?ji tiiUjjjSii ^ jc. 

: j* aajjjjJI ujj£ 1 /29a" 


U^J 

Oj^jS 

oAu 


IgAr , 20 ^^ ’ 30^ n ’ 29^ t 24^ » 4 7^9 
18 Ar, Is 2 , 2s z . 2p 6 , 3s 2 . 3p 6 
20 ca , Is 2 . 2s 2 , 2p 6 , 3s 2 , 3p 6 , 4s 2 


[Ar 18 ] 4s 2 

30 Zn 1S 2 ,2S 2 ,2P 6 ,3S 2 ,3P 6 ,4S 2 ,3d t0 
[Ar]„ 4S z ,3d 10 


CJjSj rji 


l_u£j jl jiwj 



,Cu 

[Ar] 1g 

4s z 

3d 9 

— 1 " [Ar]„ 

4s 1 

3d 10 

Cr 

[Ar] 18 

4s 2 

3d 4 " 

* [Ar] 1? 

4s 1 

3d 5 
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JU^/ dLwVI dlj^i ^aUt tj-^Lkl L ,.^t t . t£iJk ggA 'i 
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Ag [Kr] 36 5s 2 4d 9 -> [Kr] 36 5s 1 3d 


to 


: <£t\ OljiU j^Vt jjjjSliU ^ (ju / JH, 


3Li/ Is 2 2s 1 jl [.He] 2s 1 


n 

1 
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ms 

2 

0 

0 

+i 

2 


Mjac *UjL ^ | 4 - =ms j 0 = m! j Jijjt <iV 0= L 3 


2 = n 

4X.LJ1 


+1 0 -1 


\7 


Cl/ [ 10 Ne] 3s 2 3p 5 



23 V/ Hi S Ar] 4s 2 3d 3 


3d 


54 Xe/ [ 36 Kr] 5s z 4d’° 5p 
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ml 

ms 
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2 
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ms 


5 
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+1 0 -1 
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‘LuVI LjljjJjU S4jtJ ji\ f£l\ Jlt^c-1 ‘ <XI j (Jlia 


gF/ IS 2 2S Z 2P 5 SjiJl yu J. 

10 F' / IS 2 2S 2 2P 6 
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-I 

/ - 
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_ 
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/ / 4_Iii.iLi 

. ^ jjlt Ai*Jl A W >*\1 ■‘U^.jji A iCjjli Ijl -1 

t_£ J.ill .11*31 eJlLjajS <j!Luj A ~'-y .m t VK 1 jl - 2 


20 Ca/ IS 2 2S 2 2P 6 3S 2 3P 6 4S Z 
Ca +2 / IS 2 2S Z 2P 6 3S 2 3P 6 


+1 0 -1 


1L 


U 


U 


n 

1 

ml 

ms 

3 

1 

-1 

3 

2 


3 Li/ IS 2 2S 1 


0 

L 

jJ 




„Na/ IS 2 2S 2 2P 6 3S 1 



J ) )&&} ^ jVl 411 jIjbI ^ gji / JLU 


n 

\ 

ml 

ms 

z 

0 

0 

1 

+ - 

2 


ma.comK 


r 

i 

i 

ml 

ms 


i 

0 

0 

1 

+ - 
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: L* Sjil CajLS lit / JHa 


n 

1 

ml 

ms 

3 

2 

1 

1 

2 


7d lt*-* 2 = I j , 4 lj jlu^Jl tiSii ^g-is 3 = n <il Lu tj.^.w ^jjji ai*]I Ua 
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1 + 

0 

1- 

2- 



4d 
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1 

1 

1 
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- t 
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1 
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-(as 
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1 
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3 

2 

+ 2 

1 
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3 
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3 
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2 

-1 

1 

-r — 

2 

(Jin! ^ \t 

3 

2 

-2 
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ijiii 0 * jsi jj^vi a*jjV) jijci ^ jjc (9 

“1 ) / 30l>“ 
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l 53 [Kr] 36 5s z 

4d 10 5p s 
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56 Ba 
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1 


n = 3 

1 = 2 

ml = +1 

1 

ms = ~ - 

2 







; 5jjVI Cj\JA\ (J£J Jji-Vl Ji La JjjjSKlU jljfct LJJ^I ; (10-1 ) UO-“ /31 l>- 

26 Fe 

f 3G^ r T 

SE Cs 
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1 
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0 

-1 


n = 4 
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ig* U#^fl JU> / aLLu rift dUfil ul^JU ^Uwiail ^uyfcttJt yu^M 

1 .' . ■ j ■ ;' 

* '-' W ..* : * ’ *f • 

8 0‘ , 3 Li +1 '*$i\ CjUju^U yJjjSSlVI ^ (11-1) uu-5 /32 l>“ 

3 Li + = Is 2 n = 1 i~= 0 ml = 0 ms = - - 

2 

g O = Is 2 2s 2 2p 6 n = 2 1 = 1 ml = -1 ms = - ^ 

u Si 13 AI jij± <> jjiVI ^Sll o& uJ* (12-1) uu* 3 /33u- 

, 3 A1 Is 2 2s 2 2p 6 3s 2 3p’ 

£ 

n = 3 1 = 1 ml = +1 ms = + - 

2 

14 Si Is 2 2s 2 2p 6 3s 2 3p 2 

n = 3 1 = 1 ml = 0 ms = + - 

_ 2 

: <uVI fill jljftl U 5jil jxkVI Cjjl£ lit (13-1) jjj-j / 34 ^ 

ms = , ml = 0 , 1 = 1 , n = 4 

_ l$-I (_g jilt Ainll Laj tj^ll l h <1 

1 = 1 p n =4 j^oyj j]I lSj '• 


ml = 0 4-ya 

ml = 

= 0 



ms = - 

1 

2 

iUjj* >■ ujlW 

mlazemna.coi 

+ 1 

0 

-1 


Is 2 2s 2 2p 6 3s 2 3p G 4s 2 3d 10 4p 5 

11 

11 

1 

35 = -uJt lit 


? l^ja CjUjjj^IV) js^JI jIjcI l_uSI ^ 5B l_ mjiti t. 1X1 (14-1) / 35^ 


5 B Is 2 2s 2 2 p 1 


ms 

ml 

1 
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1 

+ “ 

2 

0 

0 

1 

JjVI ; 

1 

2 

0 

0 

1 


1 

+ - 

2 

0 

0 

2 

tinai 

1 

2 

0 

0 

2 

yijii 

+ 

N> | 

+ 1 

1 

2 

^ 11 


-V 

15 

^ J 
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+1 

0 

-1 

_lJ 
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ga-IAll jaU aUt tt aJ JMfcuJI L 


J 9 >|| J^| iliuif J 9 i=i 


^ £jj£l!i AjjjjY ^ s> .-i /1-1(jji 

L i t l > i u-iaJ jJ^jjJUgJ! jle ^Jc- ^tj^Jl Q-* 4,J%Ub j <jjAjl “ ^UJ#^ £JjiiII /^ 

t l 3 ) l ,%1 l 3^ ^ iljjlSil C_3jSj ^JjJi-ajLaJil -lilijJ^ S^LaJ ^La -a U_fljusl£ £^jjaij Q^ai^±A 

fr ^ . rfx a Jka. Jj^-Sa ^bj^-Sll jLuil jljd -lie- jLull Jic. jAfcjaxa <JjAjSM -LaJJjJj 

i ^W jSJj 1 ^.i l f -1 flSjJ JjjlSl! J-o (JJJJJ ‘LuLjg-S Ajt-uil iilLiA (j! j^iiB j3»L=J( 

^a l aU* - J lj ^Lj^t jjiUwaib jS ifcS ftifc jl tAjuiVl fiifc tj* JjJ^? £jlll 

-Lt-kiSu AijSLJi (jjLajill .- * LojB -' 'J s. ' . .-Ij. 1 A \ '\ <d x ■'■'L I jS W ^ 4 ’. I . .■ ^-N ^ ' -v L^tll *■ V .V /j'i ^ j 3 - *s '.'■ ! ^ 1 


.^rAjjjSSiyij 


Cj 



lju> 

Jjjl 


? *Ufii! (jAU / 2-1 L^ 1 


/C 

,4-Ll.JAl 4 W HI I 4 J ij! ,i£ jj Ltd L_lSL-uJ( ■ _ 'Ual' L. A W ~j*i _ 'I 

4j_jA^ (^i JjAtjjill jLiJl jj ^jJc. JwUaJj £jjjA^]V 1 4-LS (jd ^Jijt tgj)j£j Sx- Jjjjj 4ijS IgJ ,2 

a l l J jjlla^lu Jjijj ,3 

mta IT ? ( A , 2 )jj*J\ ^ liu / 3 - 1 ^ 

B fl^jjJI CjUJ jJfLaJ cdlil 34 j j - >*.H ^ jj]| J^xJl 4-403 Z 

,J ‘ flijj ^3 CIjU J JJ Jjiil J ulAjjljjill J-£L ^jLuuj jj^aixli JjjaJ A 

?j j . AiU liA iiLaj 5 jAUali Jjllijjl Ji^ (JUJ ^jjJaJJ^SJ) jjjIjII SjaUs ^ jajI / 4"1 

£jjJs 4jlt LaAic- jl3 (J* CjLjj jjSJV I c._ * \\i &j&Usi ft j^lla 

•^IjJ jlS, !il Lai t jls i^J^l Jj—juL diLtJjVi 4_iLcke. 1 *iJjj kljLujVi ^LiLae- .ijjajj 

Ui( -‘Uyal! ^LlijYI Aijj JjLaJ ti( ^L*jjY1 aJaC ijoJ iti JhIxaII JUjjlt LlA Jai iaiwwul 

al jjjjSJVt l jA^-j Jl\ 2 ilW( j(^jp Ua ^>Sij diLj jjSI^ I jiji£x jibjj V 

b ^l! ^ ^1 n'l j nl ^ ^1 (5, jd^JaH j| SjAUall £»-l^J jj' LVll jjjjjju 



U mlazemna Lx^Jl I^jO^I g& jO/VtJI s^Jji^-1 
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?4jsUa AjLoiISI _i iz* q j jjSJ^I ■■** 1-La / 5 ” 1 cj^ 

life 4&L ^AiUall ^JA jit ^J) (JSlujS jLLa ^L^aJ 4_jli <iLla (jj^)jS]VI ^JC- 

b Aj (JjIS ^ill jJjI as H <9Lk j-a ^gic-l 

L ys\jL Ajuil ^Ljg^llj qJUuJ] £JjiSll jJbjxJ La / 6"1 LH 

?CjUjJjjj11j OLijJjSWl 

iilbj ^Jni> JS IflX a A J ^lill ^ W * oil jj ABja-aJ t^ns^j B V 4-jjsv.irt,a CjLaJjai^Jl oi& jj (J& 43j*_4i tillij 

t iWiW dLlI^ 1,1 tit Lai 4 ;> \ A i—JLuJt (Jlu^it liU (t^jl-iaal *\-y*\ A Li^ v A J jJ^Lk 

b <JLjj A l_jl^j^1I 

?4_J1 <_L-a J^Lo <_la& I La j ^jISjLq 4_i j^j jc. ^ Kl / T CH 

4 U^W,^4^ |jafla3 die- <JLu 4 W An *bJ^h MA Cljdjlt (ja dll Jibs iiljiua -LJjaj ^LS 

^3 dlj_i]nfi]1 jIjiLul ilgJ i_pajVl t v iW aj5 <jj£ju dt jjLqll ^ v^y JjLaj i j y j ^ ^.Ic-Vt U-ilaa]! 

[ . & > LH U ^j'* u^- 0 ^ ^jjLjgiUi ^ ^ SaAj Lg^aljSj l& jlaS t, C. nl <i jjla £}*J (Jjij-rilt jjSI nil AJIa. 

4 ;ji jfixJ (iililj 4 UjmM i \ flU i P. LlJm ji ^jljl 1.6 X 10" 19 C^jL^i Lfc^ji ejolail) A ia> A 

.fA£ 1.6*t0" !9 

l^jCr jJ^lj*IiiL ^JuS ^ Uab- . ] 1 ^jj^iSlVl A W >o £ jji 4jV jA liib ^LLiSJ A-ua&l (jt 

m ajJ£N\ Ai£j a^A jjhij 

Vlftjlyj JjjJl ^->_a> ^jpiJ Lajfi^ilt at^j L_kijSl l aX /8"1u^ 

(j-a diiaj j 5 Ul! (jilia (j* %99 o' ls^' O- 1 *^' O’ 4 j Ajj^ ji.j <_uajc. 

i t CjS^pkil Ja 1^ -i Jaff .J ^3 juLa LaS k.u^o 

(jjjta jJ O' * -wUjbiili 0^ ^)ij| t* il» ^ du«uSjtii j! diSj^aJl 0^^^' 0! kL,jfl 

oO^j^ 1 3^' Ai^]lj a a^ jj,ii a w 11 oi 4 ^ ^ j^uis V 

J ftjill ^i>^s O^ J Aold^il *>ij! ^Sj b &I^j 1L lALaju Sjill 

.5 100000 S'jSl' Q* jjS' Sjilt 


: o& H —e^LLa^V' jjj / 9 * 1 
^jill fcllill Jja. o_^*jSj jjSjij ^ijAj J 

jilt ^Lill Jja. jjjj jji ji j ^ijAi -sj 

~£]\ <jjlkjj JJ4 die- <Jjjmjll djbjlinalt (JlS-il 

jxljtAilj ^-L^lt tlll*JjVl «—kjJLa -a 
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JU>/aIJa! 'jLm.tj 


J J.AAj Z*^ / ’•* ^ ^Lw djUjjj£JVI Jc. jjHi 4a*. j* 5jS jc. Sjbfc SjjJl ; j^J ^a^C 

djUjja£iVt jjAj j ja J! Jl 4ja_ki IaJ Si Jl A ah'rt J »Aj*.ja ilAjjSj jj Jc. iS j"'''"' SjAll 

„Lliljl.Aa j*aCa 


/ E 


J*J ' a Juialj J^aa Si Jl (Jja. til jlAa J tJjaAli tlUj j£JVI : J ) 4 )A ) ~ I j - *> _1_J 

Ijlij 4 j ,i J l 'So jjJ 4*J Sjj-a Jc. 4SUa Ss& (Jj« 5_i j*Aa AIiSaS lift Jjai Clb jjjSlVt ji 
.lik l^jAl) eUill J j*. Jja-aSlI jbj JUlbj (jjjjSiVi 4tju Jalu Jl JAjj 

Aj'Ja £uJ V (jjjjSlVt 5 AjjL ^sUa j till till j till jlia j A kl tlbjjSlVI : j ai ^AjaJ 

jai ji ^Ub jei ji.1. ,jjj^vi jiiui ^ vi j v 2iiui tijUiiij ,u jj 

^tijl Lal£ jlAall jjaS > i/i ; Ab jij SAAa-a jUaSi i_iL-aji Cjli tiljlAa jjj Ait jj J CjLjIjJI _£ 

J Jl jc. A*l! LaK *biUa JSj AiUa jl.Aa J£]j Si Jl jc 

iSj^xA ji i 1 l^ a ,i jIAaSI J-ij*t aj jTlj«Vl j« 4 H.« jc. SjLiC' jlAaJl jl ( Ci' Ajjlai -i.*"- AaajuIjII till Juba] I 

„ jjj&JVI J-Jai (JJal 1 Jmi IflcLlu lAAC 

4L-aila Jalia AaJ Vj J^VU (Jilj (^s-nijl jjl ja Iajj jlJfl j* ^ Ja*a : j^.-.J l . lU l _j 

. jilj o.y OH 

JJa AAc. j* jjSlij ^Ajlall tilljA ^UJij tlibiAil j^a ^ib]| t bbll ; U-t t l L ' n ,l-U 

P 

r LuiuU tliULuiA f- Ji >*N iajJ=L2k jJjjQ 

Jbb^ Jl IjIIUI \ = - ^LJI 4 i%bl Jill /10 -Ija 

Jl filial taAball J J $ J 1 > | || (ji j Jlxii 5jjbj^£ A 'irt-b j flAAs^a 4 Vi< Cl IA AiiSA jjj j'^’NM jj UJa 

J Aiblil 4 TMii- . l l Aja-j juia.1 1924 ^ J (De Broley) Jjj ^JSI i4Aa._Ji 


(jJ 1 1,1 J AajI La Jc- till J Ali c -i AS J llajl jilaAll 


(1).... 



(2) .... 

. E = hv 

aS^lsu 


d 

JO jLuJia 

(2) J 

(3).... 

. hv = me 

? 


(4) ... . 

. me 2 = h y 
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f ^ 
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JU>/I dUfl iJiinlt tfLu^JI j'ltifl 1 ^ LHmBA 


•^JjLxaII AiAjaJl ^LLiUuall ^3. j Q 4 a-}§ i i.Wij 

/l 

(5) . me = — 

A 

( 5 ) i_iLijSjj 

h 

(6) . A = — 

me 

me = p j^jlt '- 4 j 

■ Ajjijjll '*"' 

h 

( 7 ) . A = - 

_ P _ 

? JjVI 4-JuiUJjJt OLajltiuJI CjVIjJJjV^ -i-lcUj JlllJjVlj jjplJ j /11 “ 1 

S^c. tilLi*j L^jfl ^ j^j ^ inil lJSJj jjtall ^ j j *u a' t /^ 

„ OVllwjV l (Jja ‘UIILa Az*jxyA C5 ic- ^jia*j CllUjLuui 

4jflUa j A-iKlt AsUJI ,^]c. ^lx_i JjajI j 4_j3 ijjjjSJVI *jj^j gjill jpJl J& I <J-^?J J V^ 

_(x, y, z) ‘GaISLII 

B -l=Jj (Jlllijji JjVt iS 

fc Cj^LLujjl ^^ic- ,_£jjaj ulllliSl ^g j'i i . mi l 


JllujjS jJa£- <lw j^jO^U £jljil ^ jluuall 
yaS\ JjS-tij j A_ljJaLi^)l( Al^Ul ^£jl ^4 Ot-^AjLaj ?Aa>ja 1I 44 J4J L*/l2“lcJ JJ 

S44a*a 4 jnVp ^ * i^Nfi Jjaj LaJjc, AjjLall jj£jj ^LatSllj AjJaSloll -I4fr ; 44 jj / £ 

£ JJJ A^vUJl J p j4j4gJlj l g 'n a i iil L ^ ^IL-l^sj £4a.IjM ^5 dlljj-ill 44*4 <AC JJpUj 

I( ^i^2 (ji LuS Lille* tjl£ l J4^aS 5 a jxlt (Jjja (jl£ 13U AjuX cr 4^ jilt j JjUt 

\7~ — JljJatllj 
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JU> / j**«Lidl uiiAU ^Lwu^aJt jrihfcwJt LU^m 


? ' s"ij -a A I (jjjj (jjjSwji : 13“1 / l> 

^.j JSj UJJ 1 n J £j^ (4 t vaJtt .il jJA.n j^a A^jLjJI J <1Ji1.t_i<J 1 AjJaftll tLllji ^ja ^_Xl Jp. CLij^a] 

^LJl ^_fl J^-lJj tA^j\ ^ lJu jz*. jlj CjI jilt l Jl ^5 JjlL-taila qAa JP. ^1 jlft» Xa jpjl j! 

jhXui&ill j£aJj * A\ k ni ^jjjjiSil J£ J Jf^S jj^uii!j 4 JjlUil M ^" Vl j 

Jj*-*i 1 jtjj^li J fjj*-^ l>* 4 w ::i\ ^ji^lt jl jj^l jp ^Liii .^Li \* Ji jL 

JS t_J^J (jl til ^jLLjala ^IjijJt jjljj^ll jlALaJSt AjIj t )i njkl 1*,* S/l ^ *. jjJ £ W ^ 

,1 ni jaLu j& ^.Ijlt JllujjVI ^jjJ^ll JdJ L_jiUp]l tiA J-ftCr JlaJJ ^ill jjilj ^jjjSSJt 

ITI5 Jj*^ ^11 JiJuJ (j_mu 3 dllaA J —9 .Las ^ 'jJJjjaSlV I 4_Sj—^ jt Lajj 

- -1/2 j +1/2 

O' U -0 *— 1 lt-lj_Jj£lVl jsli-l ^ 1J 1 1 L Jj a i &l (jt Cl^Ua-Luji Lg-l) ^^3 ijLoJJ jj JJ-uki jJ jt 4_1 jpU 4_Ldb I jt 

JllujjV/l ^ m s JjpLall X*£ 4ijx^ J* liilisJ <^Lila 
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c-4xjJa] LoilS jjk-aljVlj JSl 

^ j^V 1 CiVllwjjV 1 ^ ^ic. AlJjli 

Ajj 5 Lila r^lil jA-aljVlj eJA jS 


r ^ 
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mlazemna Ij^Jl I^jo^I IXjO/-&o g& jO/VcJI ssjji^-1 





















JU> / glutAi^jJI . ig&jJgSlufa 




^VU;Ujji d&jS l>j 
SP 3 £>j 5-^4- 


2S 


(jil £>j h ^a k 'it ^0 (_$! (JjVIajJjVI aIV^LJ jJiuuV)j <jjluVt JlSjit jjJ (jjlij |UJ4 jt :4“2l> 


O a JZ 

X / 

X i 

it n p 

7t 

II / H 

,. A c / 

rl C ., L n 

j 

i 

71 e>-al 

/"" ? '"x 

H . H 

a *>-a' 

LoA ^UuVIj (o) IaIaaJ Q J) iju S^a^/( 

n j a c -U ^ji *j—Vl 

(sp) j* C ®jj o»*^ £>j £> <> 

uttf X'j% (sp 2 j* C X £>) 

(J* C=C 's>-aV!j 180° Lj'i’tilJjjVl j;U 

-120 U C3-* 

.(JjaVl 
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<§>GO mlazemna LuJI W&° S ' 0 t±Jj£>l 







































































o-uVI JU> / dUwVI Jljtfrl UinlT ^Lu^aJI jttAtfJI Udm^A 


m <2uLill CAjS^ali Jlikil ^jL Li-a ji\l SJLa* La ; 5"2u^ 



-uSjjill Sjill 

i & j^W 


** J-1C- 4ajVI j^^JC-Lj^) 

sp 3 : N 

nh 3 

1 

JJC- AjSkjVt 

sp 3 : 0 

h 2 o 

2 

u'- s J A 

Sp z : N 

NH = NH 

3 


: (j* > ^\ \ : 6“2 


co ; 2 
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mlazemna IJ 14 JI l^jo^al IXjo/-&o g& jO/VcJI ssjji ^-1 
















































elo' jalij 4J^iaj ) (VESPR) ^ 1-^1 »iLj ojj ^hVi.iL Lllllljiil JS-ill jUjJji ; J~ 2l> 

. S^o (jaliill CiUjjjiJl 

BeCl z 

:yr j7i 3 =all ]? CI S _A? 4 Be Sji >*J l_u£j 


Be- 


• Cl • 


l> uW-J j '-y^ CjUjjj^V! (> £jjj Jjisit tJljLSj ^jaSjjJ' Sjj (ji JAj ^ai 

t Ji irt jjLjuii QjH ^JLi. jjj.il <ji CjUjJjSlV 1 jj£j Sji ^ juLJt dJjjjjSJYi 

Jij jjlSH j\*Au^' s > ^ O^Ju% (VSPER) 


|:C1 :Be: Cl: 

jaJ] I jilt JSJili -j J%J -L-J jit ^ Be * ji ( *il i* ij^ i Ju ^jic, dmjj Llsl jilt jl lillil 

l&iiiJi jSJall 180 O L^>^^^ UbW jAj Ujra.?k 



. 



««» 


^ jaJ AjLiLflj gp ^jj j* <Vfrfl^3 t jjV t 4 jj^g^l 4 jjI=u <-j.oLa> j 

CCI 4 UJO^' LS^Wj - 
VSPER CH 4 *u?j* VA? CCI 4 

. jllj^ sp j 4 jL^ 4 jja-g jU 4jjl=U L_Lui^.J 

•* •• BCU UjjjJI ^jjK « 

SCI:B: Cl: 3 aAJ “ 

Cl* ** -VSPER j^j BF 3 *#> BCU 

U 4juiai BF^ £c£J^ Sp 2 ^ 2ij^.ja Lg i, Jtn^ ji«iJ jj'Y^jJt 4jj]aj L-Aui^j 
Lialcr jistji ? Lajtj —£i ja jjSj l&jLaL^ jt Ja ? 1 ^ l ^ jj-oljjill djlji wTi iiL*l ; 8 ” 2 C-P 

_ y jsvt ^ 

jV 43 js1l 4 ^jua jjSS ^-1L^ (^-11 (Jji-aji! \ g > ji jj^Liall Lljt jJl f r 

^jSVl IgjLaui jlAlt ^3 CjUjjjSJVI j_p UjA? <!LaJl U jj dlljill 

^jjjiiall jpa (j*llj j! jjJJ^lU CllSjLi j! CiJjgJuSt jl Sjilt 4^1,^ LujjjSlt— Sjilt i±5\*\ 

jA L <& SjaJt l^jtji jjQ tjtjiLuil jjSi Ji-aLie- ujlLj^. jjSjJ Jiia Cjljill jUJI j>a Llib£j-a jjSjJ ji 
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©OO mlaZemna LjuJl IsiOtfol IJlo/^Lo S« Xl/VxJI (iJJi£>-l 



























jmAmJI L/UmBA 


?clua CjUS^J1 UlI jU jjc.j C so j S 3 j P 4 j N z j O z j H z lg-L».j O' 4 £-» 

.&... H 2 0 ‘ Ca 3 (P0 4 ) 2 ‘C 6 H 6 :Ji» Aitli- j^Uc. oljj i-aJI jc 


: 9-2l>“ 

? <SJj 'u^ijc. V “LuLlAiSJ! i j ‘ --iV I La (i) 
jjSVI aJIaJI V j— aj jjjiilli-is J;j■ ^~"»' ji (jjj ijill ; <LuLloj£II VI 

. Sj^ Cat jilt *ULi <j-a IjIjSLujI 

¥ l^_9JJLJ J^at jVI ^t jjl JaA3 (u) 

S^j-aVt tA-nlaill J^j A j\ — A j ^ AjaALCII o^-aVt iACjjVl Sjj^Vt ; jj^aljVt ^t jji J 

A-ijlill &j**a^t i A ua j j Ju^-11 ojjL-aVt t ^5 t .L %\ »*l l 3 to l j .I \\W J 

: 10-Zl^ 

? JajjC Laj ¥ A-UjjSft ojjmoVI (t) 

JljA I^jjSj -Ljjjjuj tLub^-S AuAjiJt ^g-allk^ jjAJUji (jAJ ACU j$£ U-jiLai 0j3 ^A ; ajj-a^t / ?7 

“ 4jJ)l9 V ^ i J JJjUSlt 1 jl L i.^Nf oJjCuwI Djij 3_J jlfi (jjSt ql J <JJJj£ll b OlCwl A Sji 

jA y ^ ^ti Jtlilli Cljjla jijJ 

V iojjjSft CiUSjjJt ^ CjlLj^Jt ^jjSjj V tiLftl (4-1) 

AjjjIj CiIjla^j Ajj^j cjlj^aj A_i^,jdl j A lH 4iC jUjjV' oV ^Ajjjj'yi CjIjSjnJI ^3 Cit-u j^Jl V 

3 iia‘» IujI (Jlc NaCI a-im^ <jl j NaCI l!j*^ lla^Jt aJc. j u {j$*-a 

gUl jLlt CjU jjbU Aj^JC- 


¥ ACjjVt CjIjSjaII CiUi-r-i Lq (^) 

: iujjiVI CjL£j^ 1I Cvt.^rn /jr 

^ CaUjiV'j AjILvoII CiUjjbll ^ ViTm ^ m V;A L-UJjj jf Ajjjlu Aj^jC ^ 

^j5 < lUlll A-ajiUl AjIIxJI AiUall 3 3jtijj^ jUlc. j j l^ .. iVi l CjLiajJ _ t 

,AjjjL 1I Aj£jjualt j.l.uk^Mj Ao^jilt CilijhjSftj AjlUt j4J 
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O mlazemna Lx^Jl I^jo^I IXjo/-^jO jO/VcJI s^jji^-1 


















^JLuVI JU> / t ydUll i Jh*U 

4i^pJl ^gJcr J CLllj jaSH IjJaJ 4 iL^nti 4il^jl ^jh^-ill Jui-ajlll -V' 

^jjSj l*^L all l^Jjt^t jl Ia AiC. *Lj*ill 4_L-taj^a L&jaj 4j^jjJLM 4jSM»l| 

w ^jLoll Jjl^a]] jfli rfi.uti ^3 <£j^Jl 5J2>. dlUjjVl 

jt ^jJjAill£ 4ajI=35Ul CjLuJuII ^3 ujjiii "if j ^Ldli 4JjJ^ail CjUlLuI) ujjJj - 1 


-jjj 4j'lj's It IjSM & jJiULftj dLb ? 4j n^ Sjj^sVLj It ^iQi iiLa ; 11^2 l> 11 

■ ( CH 3 OH ) JjhM' 

Aujlxaji fiji-al dwjj Qju Lili 4^1* 4>i AjaLjaS L_j3laJi fijfi - 4 /^ 

,j*iJ (J> ^>^.; All L-Xilaolt aujiJ &A& ^jjilij L>* L^l <jjij IAI 

^jAJ 4j.ij^ jj^gJl _>*-^ljV1 J .JiSl jf Uj 1 ajAl t lit t ii\t L_fljAallj L_fl^lalt 


H 
H — 


H 




o 


o - c 


H 


H, 

H 

H 


H 

H 

H 


O ------ 11 

5 - 5 


? till A ^jj^ij ( 4 AjJkift ) 4 1 L<a 1 ■ ,’. A jj.j£j Aj^ALulIII £ ; 1 2-2l^ 

Lille- ^jjJ.I'S^ifltl ijjJjill 4 _nLji^)^£JLi (j^lt ^jji-i Laiie. ^-jJaiLoija Ji 4 jjja& 4 juaAL-iill &^-*aVI 

Lai 0 -11 j' N Cl &^)A H —^ £^)A ^LsiJt aJL^ L^i (1.7) Lh 1 Jai Aii] 

H 6+ —>0 5 ’ j H 6+ ^N 6 * J H 6+ -CI 6+ 


T 'LujjI J ? ^ 1 Liq !u44 4™uiaLmij _jl Aj-oaLloj ^jiJj^J ^jjj iijp^La'V^ LlJ^ 4JiaJj Jali^Jil La • 13“ 2l>* 

; ( _ ? A Ajjjji j\ ^ iW 1 )”' 1.1 <1 4_Lisiljjij j\ 4-iftfcL-jJ jjjjjj ejj-aVl (_jjS ^lli (Jjal^xll 

. CSJJ^' Jj^ 4 ' Sji JS £ijA -1 
. OP OH ^T^ 11 lSJ^' "‘-H 


/-\ 
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© j) O mlazemna LJI Is^ul Ilo/^Lo £« x)/\La)l <^JJ^I 





















jUb> / didLuVi 


U*aU 


? 4-aAaI I Llll_^ii]l tf 'e- lAjhulj Laj ? La ; 

j^LLt-al (^1 ^ ^ 7 - Lbj4l£j clllij^jjSJU 4^3^ cJS 3 * Lixi ; 0 ^ 

j_^ ^ ajjAXA 1^-iU 3^ Oiji J^A-eaJ b Cj 1 jill \£Xa CllljjJ! (Js jjfilSS iJllLjjl&M 

31 3^ ^)-a> Aj^7> 14 U^ L?J^ A^ali lHJ ^A-iaLi 3^ A^jaJl CjLjjjJaSWI 

tldjlill Sj3j AjIIjoj AjjU^-Silj CjljliM Juju^jJ SjS ^3 L-UiJill ^A S^jj-£aVI j A_l*Ai dlSjll 

aJUJI l^L&j 

4 ^lr. f . l U -3 3^ L^jS fl^aj ( Ji J La 1 .t\ ~s > ^a A_ijVi jLiail AjU£ Jcl ■ 1 5 ”2^ 

^Loll AjyaAjLuuIl ^jual^VI dlli CjLjS^oII JS I 

B (/W £> i 3 * >-=»■ J ^ tsi^ ( C 2 H 2 ) ^ -v 

^-LijjjVt ojx-aVI 33S3 i^jLkii < 3 Ajj 3 j^.j ^LijjjjJl 

■SP 3 j*j Luj^V' ^ N —H aLUI a^jLLa ^jIIlJI ^ C —I' ^^LyjjjVt o^j ^jj 

B <u^ 33^ ( 0 ) Sjj-oV 1 (j.* aSLL J 3 i (jx) ej-t-aV( -a 
jS_tJ| JIa UbiL-LLoll A-i^aLjjIH C-*\^ lUjIjSjaII (Jjasu 3^ ^ j - AlLL*. a jLpJl "1 /jr 

_4 l .. ^ . /i A-iV C-LaJl ^3 ■L-JjAj ! ^ j-.^ ^ U ^j^ax4_j 

jjSjj (C 2 H 2 ) 3^Ljj^1 *u?y± ls* C-^ ^ji 3 t^ s 3 I : AiLLL SjL*Jt 

,(n) l> (a) l> 

^3 jLij Irrtk (-Ua.j^il A-K Mill) CiU jJj jJl A ■M! 3! j : <jjaLk o jLijJ] 

.A^JtjVl 

j*j Luj-aVl ^ N-^ aLjuJ -uLk^a 3^A^^ C-^ 3 j>^^ : a 

.(sp 3 ) 

_ 4 ^jL\ O ft^^Vl 3* AaU 3 TI ; A-a-ia-ua SjUaJl 

/■-\ 
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0 i O mlazemna bjl \*ajst>\ ILo/^Lo go X)/Ua)l q±jji £>1 
















u*l*ll w unl*JI iiaW «U^a)l 


c=jJLJ| JcmJ| 

djJliiijlJI >e>LuJ| clioi^>9 «^J9=J| J9“=J| 


? jll 3 ^ju 3 > ? ^Uh]l £_£jjLlt JjJtai! La /■jjj 

u-ujjj J& juiitl lIu^. Moseley Jj.r> fJUll Ji t> 1914^ J -iuiaJI Jji^il ljjjjj ^ /^ 

J OJJJ^W * — (JjAaJl J ji nV. <J£ Jj jj i*’»-»■; jilt A1*JI J jjjlj jit l. j^aLisJI 

. ,> 4 VI (j-ll AaUa JflVI (j*« 5 jUa!l ClLajluu S-iLij L-UJjjll (jjsljJJj AAxuai ^ill (jc- 

: 1 3 . 'j | -‘ 4 jJ' jj^)j -8 i jjJ 7 (**4 

; 4jUjuJ! CLi \jj^\ J 


- He fjJigi'j H Jaj^j Sjj^-aill Sjj.il! (^ 

- * .Jj- 1 j*-aLc, § ij-fl, t>u Alton J 4j\l Ml Sj4jua&l! Sjj.il! (^ 

B 4jlj 1 jll AiijJal) SjjJl 

. J*-^*> ^ ] 8 J iVn 4.i,*txyl ;> 11 <LjJall Sjj.ill ( t 

a jj^ajc. 32 i iijj.jLjill aL jJall Sjj.il! ^ ^ 

. J uVlfv 1 Y Jaa^ 4juL»j 1I <LjiaJ! SjjLS! 

\ jnir <■ AjjLu]! j-a jli 
„ Sj-aj 8 (A)^j«ua 

- * J- 4 J 10cU^ (B Hf. 


mlazemna.comK 


Y S^ljl! Sj« ji! jnaij^. La / iJ** 

. jjmsu^U jUJl (-i5Uil CjUjjjSIVI -aiJl L?jUiu jJ-ujI 

„ 4 ; J j^jfSJ ! j-al j^Jl ^3 S*1=J jl! Sjjajl! jj^olic. 4 A iATh ^Y 
CjLSja jjj£il &j*j £* aj^jlt (Jc-Ujj (^ 

Y ^jjjSJ^M 4iic,yi ^J-a i JllUaJl ^jj-Jl (Jjift.11 tljftJ La /jo> 

Ig-lj sJ^jllj IAJjV! SJ^jll ((A)4-ilva j ^a Lc ) : Jj^l ^jaJl (1 

. ( IIA <ijf)i\ CjI jlij |A J Ajill <iit jlill ) nS 2 j nS 1 

r-'l 
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O mlazemna Lx^Jl I^jo^I g/o jO/VcJI ssjji^-1 
















tiJLuVt JU> / 3 Ua 1 ^JuUl laiaU sLrfu^aJl 


lVA< 3 uljll np’^^lsjj 1 IIAaj11!iH J^Aa ( (A)^^* j l ^ 1 ^ ): 0 

<*jl_udl *^jpaJ) 3 t j np 4 ^HS VlA^^Uiili 0 Jka jilj np 3 ^j1 n j VA^LjLii^likJl ajJijitj ^P ^ <j b ' n 1 J? 

O np ^,gVnj VIIIA-^LLaljll a^ajllj ( «U ) fip ^g- l x i j VIIA 

(kL^\ 


oj&j nd 10 Ji nd 1 ^^ jt>j*j 10 lU^j ( (B) ) : <LAm *>Ji (r 

nd 1 ^ CjlijjjSiUlj : LaA (J-iuiaj ( (B) j**a\j£- ). (^ 
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(jlrtll 


) 4 jil' (1 

, jjliil (2 


© j) O mlazemna bjl \&±ioL>\ Uo/^Lo go xj/^LoH (±jji£>1 




































































































uuaU g LiAl l mIbB** 

. AilVl (3 

. (4 

. <jjlaiUij Ajjlill jiJt (5 

IjLaJj S IJiLaIj ? Xhx .SI Sjbj)J cJjJ jJt S^o^Jlj Sj^J jj]| \* \ ^jill ^ \\ j;V^ t oi^ / 

* i£j^ 0^*3 

. o ^jllll (_^ jS^j-a ^jjj 4iLugJl JLoj L$ ^ 

L$ jl j Lal£ SJ^JjJt S Jjjll ^ J-iaLuj .AaUuiII Axj^b Igj ^.11 ^ ^ \\ (_plL 

B ALiilt ^jl jUil VjJ-a j Aii-aJ JjAaJl jlwj ^ U^aJl LaK ^1 ( lS ijb ) 

j^alitll ^UiL^lj ^jJJt JJait iLjjb (_£j2Jt ^a^aJl jljjJ S j^jlt SJlJ jll Sj^jll jj*jj 

. St jilt t>a J*jt SJjI jla ^SblJcJ Cljli A_ujJjSi( AlleJ <&Ljal SjajII ^ <jV lilljj t S-L-iM l 

? ^£^)j]l ^ 11 t i li >i% Ailllij^l j.i,<aUxJI C_rn Jj ^aJJ L a & / Q* 

< ■ i^\ nd 5 ^aJlijjVt aLX-JI ^jil! ^a^aJl Jb j^UtJI /^ 

f a 7 >j '* Wj ^ nd (jLu^jl j^-ll lJ $ [j AOafl vWI t 0^3 eJb^Jjj ,n >^\\ JaLaS aJluAuJI AjI^J ^ ^ jb^jj q 

^tjjJ ^ c \ * A\ ^1 £jL-all J. >.^ d yj ! ^ 5 ^- l£J^ JJ*-M ojbjJ 4jlAtj]l 4-JlaliVt jj^Uail Liajl 

a ^JjycLkill Aj1 -£J 

\ -A fc -a i S 1 LaJu& ^^ic. j ^ jill ' g ^ , r> . ^ JT t ^11 wLA.j^a ^jal {JjSj CjU^JjSJVI Sjill UiilC liLol /tj-ii 

? 1 g ^ jj£j jjjjl djUj^lSJVt 

J ^ 3 ^j '- 3 ^jjj^SJI qjSj (jjjlSJVli ^JUk gji /^ 

Stjill cjjjj CjUjjjSJVI (_j4j L_ijl^HJI Jibjjj ^y-' lI^j 

St jilb 

jl^Jt ujU j !jj.a11 ^4 ^^nnm j^^lt j^Ujil Jj jj j^jll l 7 .L;K V i aJI^i, 

. i fit rl l A-l^^jLiJt Cjlj [J'^ 1 AiLoualt Al^lS ^ j^. A \\ t ^ ^ 

JJxil Z-M A^Ua ASDIc- Laj ^ y ^ ^ La / jj 

? Sj-jltj Sjjjlt Jjj ia^UJI Laj 

(j - 4 OjJ ^ 1 ^ I JJjV A-a^jiUl AaLLJl jA ^ ^ 

aJ jLstlLa Sji 

M + ^ M® + e G 

LG x 10" 19 ^ UJJ^VU Jjhlt iSUd ^Ujj 

^^jLaJt ^iiiu L^jV <imll Jh^tl rirti (jt k clllji 

Lai ASLL jj- 0 ( 3 -*^* it ^ UJ^ 

L ?o ^ ^jW^' UT 3 UJ^ 

/-^ 
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O mlazemna IJ14JI l^x^t}! lLo/-^ijO g& jO/VcJI ssjj^-1 























. uu£» 

^jill J^il SjL^j Sjjiifl jliijiJ jjjtlSI 

^ ^ JiL S^l jit 6j-iijll gj^ll ^-v'l 

„ ^jill ^aJI Jil t—u^flj ^;jill Oisj! 'SiUjJ 

V wJJykitll I^Sli ,/jjljlt ^ ^ L ^ - - £ UjV^ ^<rat la It UlJJ / rjnu 

O / N / Mn / Fe / Li / Na 
.0/ IS 2 2S 2 2P 4 


7 N/1S 2 2S 2 2P 3 -► 

25 Mu/ 1S 2 2S 2 2P 6 3S 2 3P 6 4S g 3d 5 
26 Fe / IS 2 2S 2 2P 6 3S 2 3P 6 4S 2 3d 6 
JJ/ IS 2 2S 1 -► 


^1311 Sjjil 
4 jit* it 

S jjjJl jjjiaj 


3-*J^3l Sjj^II 


4 jo 1 jll Sjj.ll I 


lAjVI 

-► JjV' jJj ) 


n Na/ IS 2 2S 2 2P 6 3S; - 

^jilt j-bJI SiLjj Sj^IjII Sjjnilt Sjj^Il ^ui) jl Loj 

pXL^a QiiSaJl jjSL ^-SLsJl £j^A Sji (j^a -A^ -> ja£1 jVI Sjl jt L>^ 

jVI (JA Qjb j^l (JJ^ (jxx jjjjJl Sj.ll J^-Vt 

,N > ,0 

a L-n^oli ^jdSul IjlaJl SjJ ^3 Qaij jJ^I jJ& S j 31 4 J > ihIL (JLaJI j 

^j4ljJL*all j-a jjLj j 4I ^j^iJjlHi Sl^.1 jil S jajIL (J Jill llxli a JiLi jj jj \ j ^ (3^ ^ jAlllI 5 ^ J3J ^ J L Lai 

? ^jj^Jl JjAaJI ^ AilVl J^j jl ^ ? AjjjjjSJVI ^ilVL l j > La /{Jo 

jj£-a jjji^ll 1 t u Ltilic <L)jlili <ULaJt <UlljLL<ill Sjill jd Vi ^il! 4313*11 44Jjjj£lVl ^il'i/l 

© UJ^ 


"2(g) 


+ 328 KJ / mol 


^ j3ll ^ j3ll *11x2! j 'woj£l jl\ QjcuJa ^5 4ojjjjSJVl ^ilVl 

^tj LJ£ „ aj-ojJl Q Ai ^* lIj-^^ 1 ^jijjJSSlVt AilVl c&ij ujj^ 1 ^^ ^ SI ji& lJ^-^3 

- C5 J^' fT^J' SiLj i a \ua\ 



! i&&■**£■:$'0M ■ 

-\ 
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3 mlazemna Li^Jl I^o^dI IXjo/-\Lo g& xj/'V^cJI sijj^-l 


























^1*110*11«Luu^JI jttA -*tt uH£a* 


? IjljSU JlSVI <SUI1 Vj—J VII 
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@ J O mlazerrma LuJl \^ajSi\ Ijuy&o %Q -O/VxxJI <±jjl£>I 
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jl mlazemna Ij^Jl lju)/-\ijO ftp xj/'V^cJI 
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© j) O mlazemna bjl \*ajst>\ Uo/^Lo go xi/^LaH (±jji£>1 








JU>/ul^U ^UimSM 

¥ JjVt 4-JtiiljVi jj-^UxSI dit jja* -L&3 j^c- / ^ 
a AuailliK OV^ _2 g dllii-dal) -^ 

. AJ ' fl LtJj l J-ll I j— a!1 ^ ^ \ \r:J ^ 

. 4j t njU1 u.rtlt cLili^all _g ^ “5 

? ^_a.jLaJi ^iliill l1iLjjj£31 ^ja ^j£ 1 4jtliVlVt 4, L,nK J l ji-aLaJ / jJJ 

d uj^ Cu , Cr zJZa* Ul** i d uj^ Mn <Jl^ ^ U£ <1 d Jl^jjt ^j /g 

- 5iUa ^^JaaJj d J^jjt jl jiLul jiiSl ^jjflil S ^ ^ J **1JV ^Vlno (—LvVi 


Y^ljll - ^v»^i oji Juu£b i^a j2£t aJISuVI _j»^' W\1 (jjfLa til-al 

f4^ nd l, w ns ^ Jjj^ ^ <j* ^ sjil jLaJi ^k cijUjjjIIVI jl /^ 

. ujj^ <*aa± & d ^ cjUjjiilvt -x^ 43 jj V alj a=Jj Ojj^V' 

¥ V fJ d Jj) CjUjjjSJI £-iAa* jt-iia (jS^j / <_>* 


tjjSlj <jf Hjlbj Jile Jjb Jl JLujjVl <A.U. L_UuiJ (j (JUjjjI lIiUjjjSJI £Laa, jIjSb hyu*a /^ 

- j' > 0 ^ (JA dAjJjiSJYI < ; l*>-Ml J Aiii£j^& JaIc J& ^liLjll Qjfiilj JL-Jttini Vi ft Ji ^1 


, J ,Vi UUliVl >-Uil 4iLi L ^\ ^ilill cjVU 


JLjj^L: ^jlc- 1 

£^JUuaI 1 Jjji£,ljii JjVU 

^uiU-u_)jV ^ijjpilVl 4-yjjiit 

(n-1) 3d j ns u£>J-=*^ 

>j 

+3 

+ 3 

+ 3 

4S 2 3d' 

Sc 

+ 4 

+ 4 

+ 3 j +4 

4S 2 3d z 

Ti 

+ 4 

+ 5 

+ 2 j+3 j+4j +5 

4S 2 3d 3 

V 

+ 3 

+ ^ 

+ 2 j +3 _s +6 

4S 2 3d 5 

Cr 

+ 2 

+ 7 

+ 2j +3j +4j +5j +6j +7 

4S 2 3d 5 

Mn 

+3 

+ 6 

+ 2 j +3 

4S 2 3d 6 

Fe 

+ 2 

+ 4 

+ 2 j +3 

4S 2 3d r 

Co 

+ 2 

+ 4 

+ 2 j +3 

4S Z 3d 8 

Ni 

+ 2 

+3 

+ 1 j +2 

4S 2 3d 10 

Cu 


mlazemna U^Jl I^jq^ljI IXjO/-&o g& jO/VcJI 




































+ 2 

+ 2 

+ 2 

4S 2 3d 10 

Zn 


? 5JUljVt Jr ^ ^ Aj^lill J A y JlAM liLa ^jk. /QA 

dili jj djU^al) dlB J^il .l^USl jJXk j LalSs rjjajjl ^Jg Sii 4 ^ Turt i(U3U ^ujSUit 4-lLa. <jl /jr 

Jl ^ U a! ^ It iJliljurffll.H 


^y..it^l £4? i j^'* Vi A j> 

JLua^Ull 

A a, ^\\ 

Alkij.** 


+ 2 

i 

MnO 


+ 3 

* *}-* ■ 

Mn z Oj 

J(i\41*11 ^-3Ju Jum£ jl 

+ 4 

</JbP>a^ 

MnO a 

jaulLJiI JLwjS ji 

+ 6 


Mn0 3 


+ 7 


MnjOp. 

Jjjjijjall ^jLjj y- .£-ji j*jb 


V ^q.xlI \*W i^*1\ j^j£j L ^ji^Lnll Cjtjiuill ^j$aa La /\ja 


A^ja^a Lg_J LaJ^.1 Jj^ilx} OjS3 La t-ilLc* 4 J3 > ii U ji^al jU 4JaJJ^a 4^j£^a ^ 4 a.nl i l l I 

ji^iiSiii LiiLj^n ji ji ^iiijiii ijA 

-U^aldl cAjjjjS]!AJ Cjljili ja 

^ s\ \ K A j 4 j<a a 4 TS ^1 ^ ■" £jjSj J 4-J 


o 


o 

I 

o 


^jSf l>j ° 


„ o 

^UiwjLu <gj<lfr.4 


J^3C. jj* Aistll ^3j 4 

. ( jLau ^1 js^it) 


[ Ni (CO) 4 ] +2 [ Co ( NH 3 ) 6 ] +3 ur^ t>j 

(jjlSji J Ajiuijill ^-iJ-^-aSI Q*J 

no 2 / cn / nh 3 / h 2 o 

. AjjUiUl (j-UJJl (jji J^lc. j^kj jJll daVjajli L* /cn 


jjJllijj! ^ ^L-oiil jjS-» So 4 " 2 UJt^ Cu' 2 UJii' -k^* 3 *tiL-all ajjLj^UI cA3*j& /^ 

4 Lall 3 li. ^U SiLaH CiApI lii Lai ( (jjlil pLjaJJ SjLall j^JaJS Q(J + 2 4-kjJjJ tyJal\ ^j-faL-ealai £Jo V 

JJ * L [ Cu (H 2 0) 6 ] +2 '^* J ‘ UJ^* JaLi-a Cu + 2 


63 


mlazemna Lx^Jl I^jo^I IXj 0/-&0 g& jO/VcJI ssjj^-1 

































w^U ^Lbw^aJi j^4<f<tl ^Z£aA 


(jjjl ^La 1( djLL^^ v^-ySj J 3 V 1 - 1 (jl til [^\ i a ^1 ^ ^.ijj^j ^J^ij u_iuLJ! ^ja 

LgljA d Jljjjjt J*-aiu3 Ujj^Vt t «J ‘ >» I U1 L«1 4 £ Q U g 0 ^ 5H 2 0) L$jJ UJ^ Cu + 2 

[ Q u (H 2 0 ) 6 ] + r ^ Cr 1 ^ l3^ iijj* UJ^ ir" <>a hn~iJ (jll 

. J 1 ■ Vl '^- C ji^al (j-4 d 


? jU]lj 4jmjEll 'll a UljJl La / CP 


^jUJI ^ . ujli t ^ .. J l JU-21 jjSja jaUSJI jlia Sijiia oUjjjSlVt jjSj U-iie ^ ^JaLji-aljUil /^ 

4 lufljjLJ m nil J! L^L 

jL^ill £* jiHi jjlia jilSsll jU* yJ i^jUjJjSJVI j_j£j talk. ^a juM.LU.La UWtj 


. cr?-J^ 


; 4jjVI CIjUS^&II 4 ) ujLu-all j / 


[NiCI 4 I' 2 / [Fe(CN) 6 ]- 3 / [Fe(CN) s - ]‘ 4 
[Fe(CN) 6 ' ] 4 

26 Fe / ]S * 2SZ 2p6 352 3P 6 4S 2 3d 6 
,z/ IS 2 2S Z 2P 6 3S Z 3P e 4S° 3d 6 


3d* 


Fe 


11 

f 

1 

1 

1 

1 

-' 


3d C L J^Jj' LHJ^J ^VUjj'JI £^iUjj 

4P J 4S J 3d ^ CN^ <> jrtjjVl 


3d 


4S 



23 

3d 5 


CN CN CN CN CN CN 

Fe +3 / IS 2 2S 2 2P 6 3S Z 3P 6 4S° 3d 5 


4jfciijhl.ii^ljl^ ^jjSj cil]^_i ^ 

[Fe(CN) 6 ‘ ] +3 


1 

1 

1 j 

1 

1 


3d 


64 


rnlazemna Ij^Jl I^jq^I IXjO/-&o jO/VcJI ssjji^-1 

























































^iUtlliinlt 


.../i *.t l 

tjnmlmmmi 


4S 

X 


AuUuJl CN CN CN CN CN CN 

[NiCI 4 ]' z 

28 Ni* 2 / IS 2 2S 2 2P 6 3S Z 3P 6 4S 2 3d 8 3d 8 


3d 


1L 

u 

1 

X 

X 




_*— 



4P 


X 

X 

X 

_* — 

_i _ 

_A- 


u 

u ' 

u 

1 

1 


3d 


4S 


4d 



vi Uii~ 1 . '-^ ^ 1 n 


Cl 


Cl Cl Cl 


^L.ioJbt w J jUll j frlati Ni Cl ^ V C ^A?J 

- 3d 


. ^1 \» \ \ .litvX jj^ i.$Y\\ n A \^ djljlill ^U1 A^AiLllal JlJ^ 1 lIjIai nil I ^Ja^^La 

jjjd^ll llAjjjVI jl Ujj (Jjjla (J& UJ^jj ___ 

V (jJii Jjl aJuSJ Q ^1JAAJ ^jj^ULoll La / (_>J 

4i^u ^lj-all SjLall ^ L^J£* ij?^ L$J^ J* I l£J^ 6* J&* /£ 

4 1 l n 'L%1 u .al l t ajLall 4jalfxxJl JjVI JJ 4 a jH 1 I 4S&1\ j 4 juijI'A jx.aII 

iilj S^tj 3 ^ L nj,Wl w a \1 JL^jJLj i ^ liW llm 4 J LijUl \» a! jft.a ( ^ll flI r~> Lg_i C-J-A^ lili 

[Jsu J ^ l l^I*.\ \» a\\ J ^a!1 ^4 j^uXLuj 4juiuIaLiijai Jl t ** J 1 * ^ IgJ CjjIS, 


? liUJ ? ajjLill 4 jjj^Lj Cil^imjiUl jpi^aUc- 


/ > 

65 

^_ j 
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(jA ^IwyS Jc-'jj iiisui 3jji l ■>U ciilaiail t>* jtaJl <LaJia31 (ja 

iiuiSjl -2 ■ 0_)^ UJ' 111,1 “1 



mlazemna IJ 14 JI I^jO^jI Iju^^o jO/VcJI ssjji ^-1 












■i-UlM JU> / -UJ 




2C + O, —> 2C0 


CO j jt l Jij^L Cofj^ 


Fe 2 0 3 + 3CO -+ 2Fe + 3C0 2 T 


CaC0 3 —* CaO+ C0 2 


; ^Jt t^KflLij <Ldt*i( 


Sji^p* CjLxj4i ^jdxLiJlSJi CiKjliii jjjSili Si0 2 £-* CaO f aiuiSjI tilb ^jj 


CaO + SiOp -* CaSiOi 




¥ &Jjli La / ^jpu 


B <,L)LLu^I jLaC-^l ^ “3 „ i -2 - dllfrjuJl AC.1 L^i -1 

LaS <&Lu«o ^ t jUi) f U^uL AJiaJl JtjJ^t ; A-uLill Ajj^lail 

: AjjVI CjV1*JI ^ 

2CH 4 + 0 2 ^ 2CO + 4H 2 


^UJaSI jlc- 


mlazemna.comK 


Fe ? 0> + CO + 2H ? -—; 

2 3 2 800 - 900 C 


* 2Fe + C0 2 + 2H 2 0 


CjUjjjIS ^iLJatj (JajII AJIjI f^iJ i^Ali^aVl ^AaJl <jj£ju 

B l^ 3 jj£li f *J±3, ^ LjA jLm l ^a 4_iiliii l a jl -^j 6.\\ i * it ■ >«\ AjjLiii 4 aj yWi l (J L 

; 1 j *** lIjI LgJ AjjLiII ^JLjiallj 
„ J^J 0^' Lp*^ ^LlsJi V "1 

tJSS ^rLiiV) 4il£ -2 

^laiuijj t A-iiiflLi «*3 

b 4% A±uil AaA^lt £UA ^CJJJ JjVt AiijiaJl ^icr (\y a jLs* AiAaJl -4 

¥ iill3 ¥ <jLal.wL.il Laj ¥ ^liill La /(jjs 

B l-IuaII jLs Lj glz. 2\ rtVrj ^JJC- Jl jjj^Jj : u-L^oll -1 
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V___ J 


^ mlazemna lj^J[ I^jo^jI ILo/^jO ftp xj/'V^cJI qljji^-1 













i^mUwVI 


^4dUil 1 * loti gUftu^JI 


^^Lajl! t w_^\ l A-vW ^Ai^i j 4 '\\ L » i iL^t ll 4 ii ]j,ri I'VtK 4-lLa J cJu^li ^9 4 a W*i t ■■. a^ ^jiljilSl C \ Oli 
^j^jjj^I l ^l\ \ ^ a , , li j 4jtJ^Jui i iLWit t 4 A ac-_ ClljlS 4 j |.>* a L_l±-*all ^^9 4 a kJljill C-ljlS !il J 

O}^ (^jl^alt 4 tU^-lj L-luUj LS* UJj^aJl ^ ^ Vi . > n (jJLill^Jl LK ^ J 

_<jjkll * "* \\ * > l *\\ ^ j (ji&j 1-^ L - l lu a (jjS-jj ( (JJ&'Vt ) -t? 

4_Ajuu Sol Lj^ I j ^^11 &,}j^j-oil L_u1 jjoJI Siu-iSi Qa jilt J i , )LVa\ t 1 

(jjJjlSJt j-^aUc ^ <4ji*J La 4-UoJ iV jilt Q^J*> ^-iSjJJj (1.5 “0-2%) UJ^ 1 (J_HJ^ 

4_ijj^aJ| ^jjJllIj jji I'jlt 4^fjill <4 j4a. ^ Wi > nj j j_f ^jaJIj 


yJUa^l iijjj* 

o-j jl. u.uiju JUI _ *ujjj,i ^ ^ibjj jojai JujUi »jj> ji 
J*> 2u»>b- ^ ilp- Lujjj Js Sittt 

5jui j-j ,>> j^i-ii jjj*aij juiaj a** ls- 

>. aj^i uu»u 

l . l _/ 2 ^a «9 


i 
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0 j) O rnlazemna bjl \*ajst>\ Uo/^Lo go xj/^LoH (±jji£>1 




JLo* / jlJUvt 


yUnll t jiKljillUiaUt h « j(r»t l jab^aaJI mUmSA 


<MjJ| JjaiJI dlluij Jyla 

„ t **n wl l t . *\\ Y\ a JjAik. L* /4-3^ 

ig^k Uiii jilt 1 gll j S Cj) jj*ill j^Uxil dujj L..ajt.^ij -JUSl JjJa. /^r 

B <Liji3l IaJiI^gJ JuiJjl i % ^ diu^) l n ipaJ) 

<_sjj j &l jjVl (j-4 JS ljI jill / 6-3 o^ 

/£ 

( 3 Li, 4 Be) 

4 Be . Is 2 2s 2 ( 4 Be) l_uj ij3lt 

3 Li . Is 2 2s 1 ( 3 Li) j nn*»l 

La^l L-iujill ^ (jixA LaS AjitSili SjjjJl Loa^IS Be, Li ol W 

-^jLa dllil eilti 

3 Li -* J^ > 4 Be -1 

s\j Loi£ ^cjjdl ^>/N '1 Ju ejj-^ ^ i „ \W l >H j 

(feS , gO) 

8 0 . Is 2 2s 2 2p 4 8 0 -1 Ljpjflt 

16 S . Is 2 2s 2 2p 6 3s 2 3p 4 16 SJ ^ijjssivi 

< 16 S J ^qIs dilj] a i >ol hi'I ^Jk j (jl*ij (S, O) 

.L^J^ ulJuJt LoiS ^ jl-iall l qi^-Vi j jLjl) aJi^l j]l e^Q^ll (jV gO L£J^ 

(i ? C! , 3sBr) 

35 Br . Is 2 2s 2 2p 6 3s 2 3p 6 3d 10 4s 2 4p 5 ( 35 Br) J 

t?CI . Is 2 2s 2 2p 6 3s 2 3p 5 ( i7 C\) 1 ^jJSIW vfiJSS 

dllil ^ ^1*% (Cl, Br) vii . l l !H£ 

^JjJJ^ii \k& a?J£\ ^aJt UJi (j-a ^Cl^gBr 

- ((^jilt ^itlt S^IjjJ -ibjj Sj*a^ ^i) 


Ufull ^ ^ iiA ^--UJ 


La£ 5iUa jL^jI (^ un C-ipjSlI /^ 


/-\ 
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S _J 


U mlazemna IJ14JI IsjO^I Iju)/-^) gjo jO/VcOI ssjj^-1 
















JU> / iLU 


jMtlidt ufltaU (, L**£aJt 


^jjUll 4SUa ^jj4 ^iSl 4j]liSl ^jjjilt AiUa ^jl L&jL (jjSj WWJjlli Jl& ^ l—U juJIj Al < A|^ + < Al^ + AI^ + 

CjUjjjSJVI l - J^aJS SjJlii]! (jjtill ASUsa Aj^^aii aljill AW ni (jV liliij ^jSfl A^Ua qa j &\ is^A j AaaUII 

A W t A ^j V- j AjjIjJI jaIaII AJilJa (^i A_ii& j& bsua ^lS! 

. ^1 iMI o* v4 ( n Na / 1S P / 17 CI ) ^hVI j-UJI 4j^ u^ &1 / 8-3o* 

: ^ >-4 4** l^'j j4' ^ ^=uJi ^1 -i /g 


n Na/ IS 2 2S Z 

2P 6 

3S 1 


^iUAt sjjAt 

, 5 P/1S 2 2S 2 

2P g 

3S 2 

3P 3 

JjVi 

UU1I SjjAl 

U C\/ IS 2 2S 2 

2 P 6 

3S 2 

3P 5 

A > !■ ti \\ 

AjIIaII S jj-JI 





Aju14I d j^< jjl 


Jjiurill QA (JpJ^ Na ^jJ^j-k-dall ^jjS-l3 JllaJl -it j 4S ^J^Jl (J% ^LS^ 3 

n Na > 15 P > 17 CI l7 CI jj^' i> c?> j£* jj^b 1S P 

Vl_xu jill \__LLkJii 1 jSliA 4_iAuij|^^Sil l 1 1* Lh-i fc ^Tit \* \\ CfJlA l__u^i i 

iiint i 4 ^jjSI jjlSJll ^jjSjS jjill AIixJI aIj LoaS Sjj^II j_)jiSJ W\ AjAuij^jSII ^ 


1? CI > ]S P > nNa 


mlazei 


1 t> jji«4lj 


L nmH lj£li Ail^U ^JJJ 


.corr 




Ajjlujjj^ill t jjcij /gr 


? j->ll A_ia ,*ijjj ftii l j-a |^l -ii 

Ajjla ^al ja* ^jSI 1SJ0 ^jJ.1^4! jjjfijfl l£ J^' ^41 il J 4S Ajjli]l j£ Sia.lj!' L5^ 

■ 4jla V A_S Lk-Au! 

? i .n .L -W ^ Jl: U L_Luia. IjJJ j g Q / 1g S / 3 + Se : CjIjAII / 9“3 LH 

/£ 

34 Se . Is 2 2s 2 2p 6 3s 2 3p 6 3d 10 4s 2 4p 4 
16 S . Is 2 2s 2 2p 6 3s 2 3p 4 
8 0 . Is 2 2s 2 2p 4 

<j-iJL 41 Sj<ajlt (_^A S^lj ijAj !ji ^aj 

a AAlVi l j '■ t—jjjjiii -1 

( -^ 

7 1 

*_ ) 


O Of m l azemna 141 IXj 0/-&0 g4) JO/VcJI quji^-1 










^JuvVi JU> / jUcI L 

Cl£j^' X ^' 1 “•% j? ^iVt Jaj sja.'jil SjjjSi ^i) 34 Se < t6 S < 8 0 

juJij! t ^ ^ -uj 

(1) o-iil 34 Se < 16 S < 8 0 

> jA^Jl ) 4_1 jUaSSf I L-flUbAjl k _ Ud^.t 

JJaJt sjLjJ i-L-Al jll gO ^ 16^ < 34S e 

jhilj]l <5Uai *iLpjl t. ua'fr.j —i 

^(g jjJl AljiJt (Jtffel' ^alia jja 5-la.l j3l 34^ e < 16^ < gQ 

/10-3lH 

? L?JJ^ J*-=aLl*Jl <.,.ij.uAi\ ^ iaJua. -la.jJ V -1 

_ i j r iAill A-iL^a! j $L^h V iLla jjl£ <jV / rr 

? dii^la Vj i*JI uj -J -k_j 

Oty L>* jJj£ tilths Vj ^Jl juL-aUaJl ^ > nflj (Ji-ali .la. .l^a.j ^..Ic. i v Unn 

jj-^r ^-aUsi! ^a.1 dl^La tii&lj jt-lsc. ^jJjLfc 

? 12 Mg ^ ^ 17 CI cJ* ^ 

, l?j^ A£xl\ ojL^ L)/-^ S^ljll dj jjII 4jV /?r 

OjjSIVI l y\ ikn^i Ale- A5LU! ^uasm La 1 )Jd£ £jfU (JjVl (j jLuijSI -U& filial ^iLuj - J 

ujJ^^j ^LuJl ^jjjVI o^ j^LoJI SjS ^ liUi q ^jlill i_iL^SI juc. yiL ^uaLti / ^ 

.^,^1 

v j^ajjSjVi j^b c> j4' ^ --* 

-^*J( U^bJl 4iUa ^bj!i ijijJl ^ <jSf /^ 

LaJUC- jS A^lia ^u‘i LaJlic- j i n’n jgJaJ 1*11 <■ fljLi ^ /II^Bl^ 

. AJO* 


llaJ jl J * n\*W i. ajVi (jg ]^ (Jj^arhH 

dj*ju LaJl jc cJuLt ji^ltii Jg^J ,^1 -LiA L_flblai 41 a j 4Ij 1 ji (Jlc Aga. JaAuiJj j -^4^ \ A 

4 l 43lJaii i^lli 


Lui JSi ^-aII (JjjVI 4 A j ftjjll -IwaSLil) 4_1L>.J ^i^Lnll ^JuJt La /12-3J* 
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©o o mlazemna IjyJI Lbo/'iLo gx> jo/UaJI s^j^-1 






























i£Jmi JU> / yJJ ^Lua^aJi QUmDrf 


(4) (4)-^ (6) -5 /£ 

(3-) <> Fe (CN) 6 3 ujwVi ^ U 
(2-) ^ NiCI 4 3j (2 + ) Cu (NH 3 ) 4 3 j 


? t3Lalj JjJtafi! LagJ ? Uali-a iUaJl 1 l,,J jjJa j£3l /I3“3u^ 

. ; C5 ijVl Ailjiall /£ 

(jjill AAi^jJa (^SjSit ( jja 'i/jj v tlfill jUJl aL {Jt jjit ; Ajjlill 

l AjjVI 4-lLiJujbU (j-o (J-kJaai 4^1 AibjJall 

. ^>^1 iJLb *s£SjSJI ^3 Jl Aijjiail dAA V -1 

„ lg-al ^luiS J^jayj ^Jayjuy -UjSj - 3 . Ojfi\ pUij] ^j-a JJJ&J jSl t^jLiiJ iiKj - 2 

LjjSj %4 L5 J& t_£jiay ^UlM (jjill [Jjq ^2-iIl ^ JU* ^jUSI II - 4 

/14-3U- 


H U^LlCi ^ ^ — ? 

. .v^UI -4 


. j uVw' i -i 

, ^ j ml viM -3 


^ ^iiAja p j! d L—:4yS /jjSj LjJj^jjSJ! j J L ir_ £^3 J' - ‘J 

B t^jLSj-a ^ LpljajS s.’Wlall jl aUjLl^II 5 j 3It 4_Sl^ 


AL jXjj p I r-h^j Aillillj ^jVl ^ylUoiVl cUii^Luoll ^^3 4r., j.a.y a ; (j jj^aLki <£. ja^a "2 

(8) 4 _^jlshJj 4LuSaa Jj£ AjuIjU AylUijSfl -iLailuJI Lai j-^aliC- (iQ) J^LuJ^ 


a3s34Jj^11 CjLjjjjS^LI <jA) jil CjUj3?3I j! LjUjjVI j! (-llljMt JJiC- ^1 jyAj ^5j ni l -3 

_ ^.5 ml u\\ i ^h 


Qp ^4JJ 6 jAaallail JJt CilijjjSlVi jjSl jf ^ j j cjj^^ "4 

, ^ijuiLull ite aalL fj^^} La AjtiljVl jj^aUstil 4ja.jAil CiUjjVl j 

-\ 
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v_ j 


-O mlazemna Lx^Jl I^jq^I 1ju)/ , ^j0 f&o jO/VcJI s^jji^-1 







JU> / dllwVI uamiU ^Uu^aJi L 


gj||J| Jaid| 

Chemical kinetics 


? jJyj qAH i \f\ /(JJi 


- L>0^ ^ Aj^I Hi ji AJ&lild jiSJJ ^ Jjjilll <J&Lsli1! 5uC,^)jlu ^jjuIaj /jr 

jl <!&UijJ, l i jIjJ 1 ! Ai.1 JyS jj jjuiAB 




= Jcililll J, 


Jc-Uiii <c. ^11 = Rate 

& t 


A [ ] = jjSj3ll yi ji«jil(mole / L) 

At = t>*jM 

jcUioli (^iAi = (-) = Rate (R) ) 

4 %H ill &jLcJ1 _j^^j j *Jc*IaLa] 1 S^Loll ijLi VjiAifj. 


11 - = R uv* j&uui a* „ iK. 


Rate R = (-) 


[R2]- [Ril 

*2- ti 


.co 


Ratep = 2diJ£ii 

‘2-tl 


Lf^ JJJ 1 ' 1 ^ 


: Jc-tioll Az.jut ^ diilj gjJaji JSuill J 
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© j| rnlazemna Iji^JL I^/mi^I Ijuv&o ftp xtfVacJI 















JU> / VI dUfil Li 


i i 1 A 


V S 125 mole / L 0.75 ^ mole/L 1.2 t> (R) si-ll j£> : (1-4) : JU- 

R <JV^ (Jc-liuJI <C-!_Luia.l _i 


mol / L 1.25 C 5 -M ^ij'.nl l R JijS JJ jJjjja_jii ^ jiUI (j*jil > , I ll 'l l -l_J 

: JaJl 


I ) Rate (R) = (-) ^ - 

A t 

_ (—)f0,75 ]—[1,20 ]mol / L 
C12S—0)S 


r i-Ri 

t2— ti 


Rate (R) = 0.0036 mol / L.S 
-) Rate (R) = (-) ^ 

A t 

0.0036 mol/L.S (-) L °-^ 5 1-[i-^o]nnoi /l 

At 

= 263.89 S 

H 2 jj*jj 3H 2 + CO -► CH 4 +H 2 0 1 JfcUall / 1-4 j w> o 

f 0.300 moW H 2 l^U^V f .J5UI j ^>, j* <^YI JJ-iJI 


//£ 



? ilfr (Jp-lijll Afijaj (jluil /(JJ 
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© j) O mlazemna LjjJl bbty&o £« XJ/Uxdl t±jji£>l 



























*u 


i-U-fi JU>/g LiA lt jafatoJt L 


: yjiM y^LjA^t ^iii jl /£ 


H 2 I 2 2 HI 

Cg) + (g) (g) 

Jja 1 (Jja 1 <J>« 2 


HI 4ftijj-saj JaUj | 2 j Hp 4c .jui 0 1» kiiljuj 


Data _ (-) A [ih 1 _ -A[J 2 ] _ / A [Hf 1 

At At 2 A t 


l 2 J H 2 4* jui — = HI L)J^ 4c.jui L)'j 


A|W| _ ~2 A [tf 2 1 _ -2 A [I 2 } 

At At At 

Rate 2 Rate 2Rate 

m = m = c/ 2 ) 

^1*11 (Jc-lauil ikOLj 4 IcIslL 2I Al jaII jjSjjU jjj»'i\l 4aALill aI^aII jj£jj ^ ^ 4c.J auII jjl 


aA + bB ^ gG + hH 


jjulilt J (Jclilal) £i)!ja AAc h ‘ g ‘ b 


Rate = - 


1 A [A] 

— x —-—- ~ 

a At 


J i x M£J _ 1 x MGJ _ i x A[tf] 
b At g At h At 


^Rate (A) “ ^ Rate(B) = j Rate(G) = “Rate p) 


Rate = — 

n t 


1 _ A [1 ] 


At 


d„lJ| oJalcJI 


klY±i S^LaJl j^yi 
iiiL-aH < 1 *$tA\ aac. 


~ 4 j& * 4 . A 1 1 


CjV jaII - n 

Jc-lijii 4t jja ^ - \ 


JftliUI : (2-4) : J&* 


2 H 0 3 


2 H 2 0 


1 £l Ga)Cal 


H 2 0 ‘0 2 ‘H 2 jj 41Vaj Jc-UjII 4c. jja <j& jjc. p 


= (-) 


A'[tf 2 ] 

At 
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CD j) O mlazemna LJI \^aj&\ Ijlo/^Lo £« xj/Uall 

























JW> / aLL* VI ati£t jo * libit uuaU (Luo^ait 




RcttG^Q^ 


- ( -) A[Q 2 ] 

At 


Rate^o) ~ 


A [tf 2 0] 
A t 


0 2 = 0.023 mole/ I.S >- oAS lli H 2 0 ojj^ *&j- >.n^l (Y 


Rate 


(w 2 o) 


= 2 Rate 


(o 2 ) 


Rate 


C« 2 o) 


= 2 x 0.23 mole / L.S = 0.046 mole / L.S 


(S 18) <J ajSUI H 2 0 jIa»- ij^I (r 


Rate 


(h 2 o) 


Rate 


(w 2 o) 


^[tf 2 0] 

At 

[W 3 0] 2 [H 2 01 1 


flate = [».OJz_I°]n,o)/l 

( -" 2 ° J (18-0)S 

[tf 2 0] = flate (Hj0) rnol/L.S « 18 S 
[// 2 0 ] 2 = 0.046 mol / L.S x 18 S 
[H 2 0] 2 = 0-828 mol / L 


QjjjVI jl£j ^jaLjVI jjLb j£j 

C 2 H 4 + 0 3 “► C 2 H 4 0 + 0 2 


illl / 3-4 : lILw 


(JjiaJ! (^3 La£ (Jc-lijli jJxli Oj A3j 


t/s 

0 

10 

20 

30 

40 

50 

60 

[ 0,] 10' 5 

3.20 

2.42 

1,95 

1.63 

1.40 

1.23 

1.10 


S 10 lD^- Ac-Jjj i unjJ (i 


Rate 


( 03 ) 


= ( -) A l °3 I 
At 

= ~ [ |03 1 2 ~ IQ 3 ll ] 

^■2— tj_ 

- _ ( 2.42 X 10~ 5 - 3.20X 10~ s )mole /L 

(io-o)s 

= 7. 8 x 10 ? mole / L.S 


Rate 


(o 3 ) 


&EQ 3 ] 

At 


Jcliill (jA 0 jj^VI ( 10 ) S lDI*. Jc.Lii]t <c.ju1 
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rnlazemna Iji^Jl IXjo/-&o ftp xj/V^cJI 




























JU>/dUwVtJlJ^i uloH ^Lu^aJt .ufctibttJf «■ 

• *r ** ♦ 


Z ~ (1^3 t°3 ]j ) 

= ( 1-10 X 1Q~ 5 — 1.23X 10~ 5 )mole /L = , 3 „ , Q -7 mo| / L g 

(6U — 50~1S 


? Jc-lilll Ltt 

10 S (J^A- Jc-lil]! dii ja uu - (^gijVI 10 S J^A. j* Jclioll //t 

. l^S2A^luil 4 -Sj'il AitlioASI SjUili jj5jg lJs^j ■LLAj jjt (Jet&Jl 4i^m ^jl jjic. (J^ 

. 4c (J^,hj Jjaj JcLsjII 4aLxJI 4g. ^ 4’.. '■ I -* s ‘■* a 

0.15 mol/L.min = ^lalt Jetis NH 3 cyj£ 4 *^ o) // 2-4 
N,+3H, -► 2NH, 


mol/L.min ^JVaj 5x.j*jJu (jj 

0.150 - 


Rate NH 3 Rate N 7 


/£ 


fti 


n, 


jo. 075 


0.15 

Rate N z 

0.0175 

2 

1 

0.200 _j 

tfate N 2 

— 0.075 mol. L 



: J&\ JtUSU 4-a'uJt 

4o Jjjll >. _ i mil e 1oljj! jgjLxjll [_jja yjl / / 3 “4 jj 1 J 4i 

2A +3B *■ F +2G 


r m 

-A[G] 

-A[F] 

-A[B] 

-AfA] 

//£ 

2At ^ 

2At ^ 

At 

3At ( "H 

At " ' 



4No + 30 2 

g g 


2N 2 O b JtUHJ //4-4 
g 


l>0^ a-lLo J£ JjSjj jjASII 41VAj Jclioll 4c jjc jjc 

• 1.60*1 O' 4 mol /L.StfJ^ o 


A[Wo] A[0 2 ] A|N 2 0 5 ] 

At J At J At ' 

£• citsuil Jaaj UaJ IaIj 


//E 


Rate - -- a[wo] ... 1 t°2i _ i [NzQsl 

"4 At — 3 At “ 2 At 


Rate No 


Rate o 2 
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®oo mlazemna buJI I W^o £4) /tfUxdl ^1 

















































i£±JS\ JU» / iluVI jlifil 


^alall jimIMI J*til «Lwfcit 


Rate o 2 = - Rate No -►- x 1.60 x 10 4 = 1.2 * 10 4 mol/L.S 

4 4 


V jjSljjIl ^ Jc-lilll -LwaL^ll AS^jlII La / (_>ji 

aA + gG + hH —> P p 


Rate oc [A] K [G] B [Hf 


Jctiill Ajj ja OC t B ‘ T 

. jj£! j 5 l 1 <. 'ml i" (Jc-Uudl 4 *_>U! 


Rate K [A] K [G] fi [ H ] ■ 
Rate = © - = — 

a At 

Rate = © - = Al£l 

g At 

Rate = 0 - = AHI 

h At 

Rate = ± = 


At 


Jtlioil 4^iUJ( 4-uj-aIt n = OC + B + Y 


Rate = k 

K = Oul-3 ilazemna.coml 

Rate = K [ A ] => ^ji Jetiiil 
Rate = K [A ] [G ] => Jc-liiii 

Rate = K [A ] 2 => j* Jc-liill 


Rate = K [ N z O s ] -> <>tti 



: <^N Jc-lilllj 


7 9 


mlazemna IJ14JI I^jO^I 1jgo/ , ^jO f&o jO/VcJI 













Rate = K [iVO] 2 [Hj 


2NO +m 2 —> N 2 + 2 H 2 O 


M h 2 

4-ijtj AS Sja tJcrUj 
4±1Lj 4_JJja Jc.lfl43li 


(CH 3 ) 3 CBr + H 2 O —> (CH 3 ) 3 COOH + HBr 


Rate - K [ (CH 3 ) 3 CBr ] 
Rate = K [ hi 2 0 ] 


^jVI 4_ujdt qa Jcliill 

n\\ 4jlj&lt Je-lillt 
<*UJl A^ljall 1 = Jo Lilli <J 4 jrt 


MnG 2 

CH 3 CoCH 3 + \ z -> CH 3 CoCH 2 I + Hf 


Rate = K aji j* 1I j* J&liill 


U ■ * <■ ' La / jn 

,J^UiU 4*Ull <JJ jai! - 3 B J&li5ll 4£.ji-ul I duU - 2 ^Jclilll 4 r. j M1 


4_lc.lilLal| lljttlt JlSIjJ ^-IjJa (J > *>, Ujijla Jc-lilll <C.j JO* i_.IlJ.Vh / (Jc-tiill j^jlS ^ 

mlazemna.comK 

Lg-d ^ ^ jSja jj£tja LgJwa 

a A + b B -► CC + d D 

Roc [A] a [Bf 

JclijH AjIijaH j!L«-} j ^ A B 4 j1j 4 b J A Jyal \j t 0 

^ jA\ jj£t jl L5 1 c. JUujljYj 4 \?* Sjlj^ 4-a.ji CiJj jt-ll* ; Jc.Uj 1I 4£, jj^ duLi -X 

/Uaiult 

jlSIjl jj iuiV ^$JiaJl ^ *11 ; JjD lilll <Lai*lt 4*Jjj*]t -V 

1.2,3 

\ LgJ j 

^ Ji£l jilt ji*J *1^11 (Jc-lilll 4 JaJ, ,w4A _ \ 

ijclilll ^IjlSI ^^le. jcLwj! a X 
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i? mlazemna Ij^Jl IXo/-&o £jo x>/VoJI 









& Li +* 


t £JUVIJ U> / U)l jm 4 lit) I tAaU «LMo£aJI ^ 


; Sjlji. <a.j.1 iit igj*-* Je-tlill ; (4-4) JliLo 


2N 2 O s 


2N 2 0 4 + 0 2 


j_gi oJijtjll diULull L _ s ic- tJj\It fjj fsJ 2 O s 4_lc.Ui*]l S^UJl ija Aatl^a JujSI jui Jic- (J&liill 3x. jjuj ^US 

. Jj^' 


Exp No 

[ N205 ] mol / 

Rate / 


L 

mol/L.S 

1 

0.0113 

6.7 X10' 6 

2 

0.0048 

5.0 X10* 6 

3 

0.0042 

2.5 X10* 6 


B aJ J J&liill <Cr^ju (jjjls ~V^>j {Jc-liill 


.112k 


Rate = K [/V 2 0 5 f 

Rate t _ jy[Ar z Q 5 ] a ! 6.7x 10~ 6 _ /qo.QllS]" 

Rate 2 ~ K\N 2 0 5 ] a 2 S.OX 10“ 6 ~ K [0.0084]“ OlTlFi 

(1.34 ) 1 = (1.3) a 


'J.,'* 1 Ll ° j j jtiaj 

K [0.0084]" am 

w ^ 

=^> a - 1 


Rate = K [ N 2 O 5 ] kc.j^i 


, ( 4 - 4 ) ^ ijc-liill 4 jjIj <ajS - /-; ( 5 - 4 ) JltLa 


Rate = K [ N 2 O b ] 

6 J* 10' 6 mol / L.S = K ( 0.0113) mol / L 


K = s = 5.95 * 10-" S" 

( 0.0ll3)mo (/1 


(jjili jl 4jjailLj A+ B 


* C t^VI Jfc.UHi // 5-4 jjj-u 

J&liili Ija til Rate = k [A] 2 [B] >* 


4jIIj 4jj ja — 


“Lulli Ajjja — (_! j\ — 
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U mlazemna ix^Jl l^/x^l IjuV&o ftp jO/'VjcJI 





























I , 


4 jc, -V 1 , 




-.1 


i** 'Nr.UHI (Jclsj 4-atatil AjjjjaJIj all (-Jjtjfa 4.1^. / 6~4 

A ) CH 3 CHO -► CH 4 + CO 

Rate = k [CH 3 CHO]i - = ^1*1' j - = CH 3 CHO 

2 2 

B) H 2 0 2 + 31" + 2H+ -► I" 3 + 2H 2 0 

aq a q £ 

Rate = k [H 2 0 2 ][\] 

1 = [I] 1 = ( tf 2 0 2 ) ^ 

1 + 1=2 Jftl-ajll 4 jlJJa]1 

C) 2 No + Ci 2 -* 2NoC! 

; g g 

Rate = k [NO] 2 [Cl 2 ] 

2 = ( NO ) 

1 = ( Q| ) <JJ jA 

I i 2 - 3 (Jf~-1 z'M 4 w ^i L j t Ji 'f 

ajc- jjui j■‘Ut ixj A + B C jljJ (Jc-liili / 7=4 jJjAi 

jIjaaj Jelisli \c- jlj^Lus 4 i« .>1 B j^j *5 4JiiL»l 4 j^j a Rate k ] ^ | B] 

. 36 —o is -j 12 9 _(_, 6 — i 

//£ 

Rate x = k [Af[B] 

Rate 1 = k [3A] 2 [2B] 

flQte z _ ft i:-i4l 2 r~2Bl _ ig 
Rate 1 ft 

Rate 2 = 1R Rate __ 

OjM ^ 2No + 2H 2 —:-► N 2 + 2H 2 0 <^ V1 tfJ 141 * // 8-4 uu* 

■ J\ h 2 No ^ u Rate = k [No] 2 [H 2 ] ^ 

■ jjjfLli-u jVI 4 y nifl i (Jalijll ^gh Jijilills Ailtija! 
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l£^ mlszemn^ Ij^Jl I^jq^I Iju^^Lo ftp jO/VcJI 




















^^I^LUluaiaUaLw^aJI j ii »itltl UU^a4 


*■ JjL ’““ 


—jIjiLu Jju -t—1 
3 

i jIjL^ Jtjjj -_*. 

— st^iLu JL — j 
3^ * " 


4 * ni 1 -o 

(l)LjljaJl 7-4 <ijjL (Jttii tjj.>4iil lUj //£ 


? ^ r - j --' uluUj eiij La /(_ju 


**X. ^uJt - " '_•' ' : B — 


|-mo£ji.n 


“Lai*! I 'UjjaII Ulliail jj-ut jJja^aj ^Jajj ^Vl 



<c~ j-JI CLliU; 

0 

M .S' 5 J mol L" 1 S’ 1 jt mol /L.S 

1 

S” ji 1 / S 

2 

M' 1 . S' 1 J L. mol ■’ S' 1 J L / 

mol.S 

3 

M" 2 . S' 1 J L. 2 mol' 2 S' 1 ji L 2 / mol 2 

.S 


0 2 + 2N0 —► 2N0 2 : Ji\ : 6-4 : Jli- 

j jUUl ^tn (^a LluLij <LaL«JI ijc-liilt Ac. jjjilt (Jjjlii ^cjILuI j (Jjilc.lii]l i_ut^a .Hv 


Exp No 

[ 0,] mol /I 

[ No ] mol /I 

Rate mol /I . S 

1 

1.10 x 10' 2 

1.30 xlO' 2 

3.20x 10' 3 

2 

2.20 x 10' 2 

1.30 xlO’ 2 

6.40 xlO' 3 

3 

1.10 x 10' z 

2.60 xicr 2 

12.8 xlO' 3 

4 

3.30 x 10' 2 

1.30 xlO* 2 

9.60 xi0‘ 3 

5 

1.10 x 10' 2 

3.90 xlO" 2 

28.8 xlO' 3 
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3 mlazemna li^Jl Iju)/-&0 ftp xj/'V^cJI 
























JU> / A,^lt jrf&tosl! bmb^S*# 


Rate = K [ 0 2 ]* [ NO ] B 

w 4 -uIjJI 4j^sJJ|j Aj^Jilt (jjub^u J-lkj QC *Laj£ jloikt Juaj 

fiate 2 _ *I°2l% [WQlf 

Rate i if [Oa]“[JVO]® 

6.40 X10~ 3 _ if(2.2Qxl0~ 2 ) n (1.30xl0~ 2 ) B 
3.20X10 -3 " if (1.10 X lO" 2 ) a (1.3Oxl0- 2 ) B 

( 2 ) = ( 2 )“ 

a = 1 => Og-i Jc-tiOl 4-u ja 
Rate^ _ *[°z]3 [ w °]f 

Rate i if [0 2 ]*[W0]® 

12.8QX10~ 3 _ jf(1.10xlO~ 2 )(2,60xlQ~ 3 ) B 

3.20X10" 3 if ( 1.10 X 10~ z )Cl.30X10 _2 ) B 

4 = 2 b 
(2) z = (2) B 
B = 2 AjJilSlt 
n = oc + B : ijftUil ijjj-oil 
n = 1+ 2 = 3 


Rate = K [ O z ] [ No ] 2 

6 . 4 x 10' 3 mol/L.S = K (2.20><1Cr 2 )mol /L (1.30x10' 2 )mol/L 


Rate = K [ O 2 ] [No] 2 


■ jA 

‘LuljJl *lj >xllt , J i>a «ja 


K = 


6AX10~ 3 mol/L.S 


( 2.20X10 -2 )moi/i( 1.30xl0~ 2 )7no(/i 2 


= 1721.4 L 2 /mol 2 .S 


( _j>a Jc.Laljlj 


N 2 O s nl <■ vl I 1 (5-4) (JHaII ^ CluLl // 9 “4 

Y Aliull 0-1 mol/ L ojjSjj <jj£j LaAk- 


//£ 

Rate - k [N 2 0 2 ] 

Rate = 5.95 x lO" 4 ^ -1 ) x 0.1 mol/l 
Rate = 5.95 x 10“ 5 mol/ L.s 

Rate = ^ Rate N 2 0 5 
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O mlazemna Ij^Jl I^jo^I IjuV&o ftp jO/VcJI 




















JU^> / ^LwVt aIJaI ydUM ^aU ^Lm^bJI ^Um9^9 


Rate N2 q s = 2 x Rate ~ 2 x 5,95 x 10 -5 
Rate Nz q 5 = 11.9 x 10 -5 mol / l.s 

“LujaU x —1 (jSjVt ajjjJI (># <jl ia.j X + 2y —* p ^Vi Jeliill //10-4 uj>4 


l j& ^jlS til Jc-LajJt dulilt y J 4 y l ^\\ \ \ 4 i\1M l 


M " 2 .s'’ (j) 

M' 3 .s 

{-*) M^.s' 1 M M‘ 2 .s"' 

(') //£ 



m' 1 .s‘ 1 

(•) 

M' z S” = 

[M] 13 

t " 

ti! (3) 4ul*l! Ajjj >a JcUUt / / 7 ; 

[M] ln ^ 

= Ac. Uiill CjjLi = Lluti I 

t ‘ 



g^Vt Jcliill // H-4 JO^ 
CH 3 COO CH 3 + OH —> CH 3 COO + CH 3 OH 

: oUjI J yji Aiiiijll UJjLaJi]i ^jLjj 







[ C 3 H 6 0; ] 

[OH’] 


Rate / 

mol/L.S 


0.040 

0.040 

0.000255 

0.040 

0.080 

0.00045 

0.080 

0.080 

0.00090 


, vJLij\x-Lajl>i]l ^ W - (I) 


„ (JcrliuJl 4^- J-oj 4 JJ 4 I 9 ^rlyjujl —( gj J 


. <C> JjuJI Culj 4jy3 — {-^) 


tfate = k [CH 3 COOCH 3 ]* [ OH" J B 


, gjc-lfllll 4 uC.^jjoJI (tj 
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U^Jl Isjo^I IXjo/-&o ftp jo/VcJI quj ^-1 
















JU>/ jlJUrl uu^Uf 1 ;*;^ lu^m 


1 LjJ* 2 ^i> 

0.00045 k [0.040] a [0.080 } B n 

0.000225 ~ k [0.040] K [0.040 ] B 1 ~ 2 " B = 1 


2 (jic. 3 <J J=J (JA j 

0.00045 k [O.OSOf [0.080 ] B 

0.000225 ~ k [6.0403° [0.080 ] B “* 2=2° a = 1 

& + B = 2 

Rate = fe [C// 3 COOC// 3 ] [ OhT ] > J^USM (l_j) 

j4-Jt LjjIj .lajj f_>) 

(7) <Uj=J Uiil jl fiate = k [CH 3 COOCH 3 ] [ OH' ] 
0.000225 = K [0.040] x [0.040 ] K = 0.14 L/mol.s 

f ^^>M3 C!jLijJ=u 1 rrtfi JJlC. / .jm 

yuit jJaj (2 

? A^L-aal! Aj jiij ilJ n>ij3 i _^-sai4 loLa /^*i 

A. k^[Lall ^ J <k,liLai( j| jjil JjjUb ^L-su A y\V\ ^jl ujSll (J&UlSl } 


LaiS Jilaal! (Jjlfl.i Qu 4_L-aL=Jl lIiLuL^sj]! ^ ^ i. J Ym Jolalll 4£,jjja ( Y 

. Jc^lialt <LJl 1 lli.il j AlcrliLoll JjjlSj LjLalAiai^aVI .i)^ 

x 1 -iit (jjjliiJill CjLg 1 aIU^ ^-«v i .i^c ^ a M ^V 

. ^UStVi ^Jjkll jll 4^11 ^ to 27 
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@ l[} O mlazemna LjjJl ljbO/&D £« x3/\la)l (±jjif>l 





















JU> / aU&t j-ulidl uuott r l ^^ H ^Mmr, UdmOtf 



JLsLfiil ^ Lq /[^y* 


sU 1 


QA X^. nVlfllt 

LS lc r t iItIU aIaLSJI 5_^\ T Ult 
-WjJ J—jflUSlI Oja 
jjlt LgJjjauj AJcUUI jljuJl 
( 3-11 ni'ul l 4_S1—U J Jji j_j 


0 


. (Activation energy) 


ijjSj (jl OLJajaJ eL_aj| ( V 

^ \ >iji t _ l, I nils 

^AZ>_ — Jt oUjVWj sJ_uAi. 

i-ifc 

y l*£ <jjUm jjIjj &4J& 

. jiaii 


? LJ^lc-UllI £ j±J iiijiaJI ^jSII f. l Ur- 1 ^ ^-'l l Aj^J IjUJ /,ju 

O* ^JlE. j^Jc. y Ij&j dAjJjaJI (jl LTi^- j-.al , M, a ijk; jji 

5JlaJI AjjJai ^Aj Ac. J«1 Sjjia. AjjJij eUkll £ jjfll tillil . SjjJl AjjUJ (jj£j CjlLjaJI 


, (a ;B a'ii*yi j )-iitu.a\l IAxaII 

? AJliij'ifl *ULaJl liL^ ^ic, /^j 

- A-Saji-lll i i l i Vt 4 -lLaJL jaj ^ji A Vil *iH ^jjSj V - 5 ojLiajSJ 1 l" iNlr J alU £jl 

AaaSjaj cjjU jac J-Ai lj£j- j*j Activated Complex (J-ii-li -*~Ji ) ^ ^sll *JUJl ^j 

• jt jaJI jJ <JLi ^ Liiiai (JjSjj <^JiUll ja1(j ail^aij ^JJ_1 Jajjj 


V JaJolcJl .ISaaII <sUU jJJ^ K L / (_j-u 
jSlj Jaiuil JaxaII Ji-afi jSai (illil ^Jjli3(j 3 Jc,IaL&]| AiUa ^ jj£l JaiUll Aa* <|Ua jl /^ 

. Jotilll L_flJ^>ia ^ a Im^h 4lc.lila -llj-* jl ^UaC-V ^SSiJ (jSa) 
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mlazemna Ij^Jl I^jo^ljI IXiOZ-^Lo ftp jO/VcJI quji^-1 

























tfJuriN JUf / jUtl ^ 0 «I< OaU CL«^=JI jmAmJI l 


? ^a! i ^%\W S^jSia JLL&j /(jji 


I + CH 3 CI —> ICH 3 + Cl Q 

Otw j i-ijji C — Cl Sj*- 3 ' a* CH3CI ^ I (JjjI t_j|jjal Ja^vLia 

J^ljl ^ a- AJliUVI 4iUI ujS2j J^ilj C UJO^ 1 ow L a» 1 -W^J ^jjjjilt 

^ C-l aw ■Ja'jJjV' ejS ®AjJwj C-CI j C — I aw Aiwaa >-alj'j C-H 

I <JJ^ >lk- O^J 4 ^!Lj Cl® Q- 0| JJJ Sji-aVl S^L-aVI 

1 rtfl 1j; (Jc-lflj Vj AltliLail Jll jaII ^illa ^iSbj-e j^a.ll aLaJlVl ^ CH^CI 


v irijni'nli ASlia £-a Airier La / 


6JJLua ■LjL-nll ASiUa (jjSS LaJjJC* j Jttiill UJ^? c} ls - ^ UJ^ AaJj^Joll AiUa Laik; 

„ ^j-oL-olal jt j * & * ill {JiLi. ^LiJj ^-i^)j-ii LJJ^J (jl Jc-lioll l5^JJ 

? (JdUq]1 jJj-l) Asl_Ii]1 AS^Li ■/ J LiLiA ,aj ? (Jc^Ldl Ao_Lalj^!l AS^l*.!! La /(_>" 


. 



glfpl J - Ip 


:. 


Alg-1 Vi^l AsUa — A^jU]I jl ja 1! AaUa z J&liilt 3^)1 j^. 

Ojl_p> (jj^J LaiJC- 

(J&liS (j\ 0 AaJ! 

AiLla (jjSJ L ^aLa 

a&l < a^juii jjji 

LiS Ai^LslLall ^Ijjaj's 

. J£^l 

J&laLiil ^jj£u La^JC j 

CI 1 C.L 1 JoUj, Q 4 aj£ 

Jli \ A$LLa LjjS-i 3 j IjaJl 

Atc^ta uJl JiIj^olII aJLU A^jUll 






Jss^wW-v 1 - 

.. LLL..1... ..L.I.... : 

mm >v.*-' a.-. ;:■> 1 ■ . ,*•{ 

a . >*_• i ' • — fe : - .: 






An •>• n 

■ ■■■■ . ■ ■ ■ ■ 
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jl mlazemna Ijt^JL I^jo^jI lLo/-\ijO ftp jO/S^JI s^jji^-1 































JUf- / itt-VI jljil juilatl ^ jmAmII uOba 

- ^Ijwooll AjjJaj ^LiU^aji] 4 Vi i/^Lj 4lLlisJl aU.it (j*a j *- «a il l ^_yAl-4 / / 12 "4 

b jfil q"U l^^kI v J JUj-U aIe-IsIa]! [jjj >jU-a!ill U_ijAa> ( ^) 

m ^j\ jilt /jjjii] Q$i ^UaU^aJi ^jaa 

l—Luill*ll £jJajP ^ 1*11 ujLla^aJt (jj£j (J^ 11 . ^>J j^Ti' (-^-) 

(j-oiH -W ^a-L-a -1 //^T 

^ AltliUl ilj-Jl Ift SlL a J ^ ^ V}* 1 ' 45UJI <> ^Vt ^ : lijASlI AiUa 

■ (g^) am 

V J^Uili 4 C,^*jj U^tjaJt JaiaB -Lit /(JJJ 

jj£jjJt - ^ 
^Ijn* 1I 4.y.A^j ^Lajill -2 

ejl^pii 4_^.j.i “3 



Y Jc-lilll u 

J SjLjj aIdLsoaII jjSjj (jJj Ai jIaJI Ia / (Jmj 

1 A~ttl ACp^Jjuo 0 . 

4iu3 4ilaJuH a^AJ UiAlati % 20 4,U,tfM 4 ^joi£jV1 J 

lUj i£^ ^J^UuaII ^Ij^al] jj£j!ilt j! j LaK /^ 


. auloj v il ^ £.iUj ^1 (jJA-uijVt jjSjj j i—igJ qj£u^ jU. 

mlazemni i.: )n Wmi 1 

? ^jiLlojSJI a^U^ll A-ZiU jjill 3JLaJI j-^U La /^>jj 

jJ-q »-l*a uj^j Aa.U a^t 4 jC-^u ^ tn, ^jjSIj IgJ U^UIaII -il jaII 4jjUj^ait 4jl_aJl ^j] / ^ 

^ HCI a>- L5^ *ZlOUit ^laaSl 4* Li 4 as .fcjAaJj j ^u^ajjlafcJlj 

: ^Ull iSL jjKjj^II 

SAkAl J*UL ^jAl , 1 

« tiajj a^^y Cb^ .2 

QXb-ojiLaJl j 3 £l f Vi ii a^-Uuj ,3 

A^UloU jIjaII 4-lLaJl ^Jc- ULuC- i aIUj ^jLlgjSJI a^-Ullt AE^^jj ^A CiitLkl ^Infill /j\ Ja^viiS 

. 1 §JfrU3 4^ JnMij Ifliijii Ai^J ^ jaA jjJI I 4 J ^1 

Y ^jLuuSJI ac'^ll^ <& jaj 4-^j-il qj£j ajoS jja^a /^ 


89 


^ JOmlazemna LuJl Is^il Luo/^Lq go xi/'iLtxJI 
















/ SLtaJ- L&t^U fi LmbUsbJI 


C5^' Sj^j=kJl ‘^■J- 1 uV «jl ja>Ji 4^-j.i o-itijj Jc-liSlI ^L& jbjj /^r 

Jjjaja <£jz. aSU, eUloj (jjliJt iit (^i SjLjJ Jl tillju Jibjjj 3ic.UUll J^UJl 





Jc-liilb l"J 'i \j~* \\ jjic- 


C°(298)k25 

1.70 * 10‘ 3 

C° (308) k35 


3.29 x io 9 

C° (318)k45 


6.12 x IQ’ 9 






* J& ^aj J-l L> ‘‘J JC-Ltall JrtUit JjSj Ls la / ^ 


Jbjia iyiiill 2ilL u ^L i SjljaJl ^ jjSI SJ bb ^l^!t J^*]| 0j ^ /*. 

ijLa jj^JJ liUjjj Kj . Vu il 4 alk iajj jl l^jL^ biSji. ialla 1 .^ 11 " j‘i bajUfllbl 

A^jU 

tillj 13 "4 -ic. ! l-i^a J-aU£ pi QjjillJt S-iLa £i^su (JcLtill 


2H 2 + 0 2 —» 2H 2 0 



^-» j ;‘""' iSUa 
Jdlc. 

-lc< Lljkl^ 
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mlazemna Ij^Jl I^jo^oI IXjO/-&o ftp jO/VcJI qljji^-1 































JI4J* / jCwfVt jtjkfit 




£j|jJ| JtuJ| dliiuf J*L* 


N,0 


2 U S 


2N0 2 + — 0 2 


: u3V) JcUlU : 1-4 


: ^iV' Jji=J1 ^ 


t / hr 

[N 2 0 5 ] / m °I / L 

0.00 

0.849 

0.50 

0.733 

1.00 

0.633 

2.00 

0.472 


. Ax^Lual! n2zk.jj *oJljjl L j ( * JSI JcLlaII jmjj J 

0.50 0.00 0- J 

1.00 Jl 0.50 l> -v> 

2.00 Jl 1.00 a- -g 


/£ 


Rate u 
Rate R 
Ra tCp 


_ -AR _ - | R 2 —Ri] _ -[0,733 - 0.849] _ 0.116 _ 


At 


tz~ti 


o.s - 0.0 


0.5 


— 0.233 mol/ L.hr 


-t 


-0.633 + 0.733 0.1 „ „ , , , . 

~ o.-o.so = ^ = 0.2mol/L.h 


-AR -| 0.472 - 0.6331 0.26 _ . „ . 

~ = 2.00-1.00 = — = 0.16 mol/ L.h 


I i&jjji ^Jc. Ajj'ift ijS • 2-4 

V AjaJauJi 4^.1 . .■ j.U _i_j 

? itiiUi *\jji w, 

? ^Uull }\jA\ .J 


4-0^ L s* *J*J* 
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@ )Omlazemna LuJl \$&jab\ buo/)Lo %p xi/^LeJl <±jji£>1 
















tfJUVlJU?-/aMlaU*l 


ytWj i^Ull U<4J < L » A lt jiii4t*JI LUmOA 


. NO ASi ^h»j Br z l-I^'A juuiiiU ^)-a ^jVI (J&liilt i 3-4 

2N0 (g) + Br 2(g) “* 2N0Br (g) 

B jjwj u-uSI —1 

. -Sa^ JjVt JLlal kiyi Br 2 Jh£jJ lJ“- Jc-lijJi ic- jxu jAit-jj e_kj£ -<_1 

p Jaiftfi NO JUO J) ItTi L- flv^ —^ 

- ^ NO j Br ? l> i3^ 4 4 r- 1 > >-* * *i i o tC 


Rate = K [NO] 2 [Br 2 ] 1 

Rate 2 K^Br^] 1 
Rate 7 = Icffir^p” = 3 

Rate z = 3 Rate, 

Rate 2 K[2 NO] 2 

Rate 7 = K[JVO] 2 = 4 

Rate z = 4Rate, 

Rate 2 K[2NO] 2 [ZBrJ 1 
Rate i = K[WO] 2 [Br 2 ]i ~ 8 
Rate 2 = 8 Rate, 



0 ■ JJt 


fe 


( J 


: Jelitf] : 4-4 

pt (nh 3 ) 2 ci 2 + h 2 o -> pt (nh 3 ) 2 (h 2 o) cr + cr 

Rate - K [Pt(NH 3 ) 2 CI 2 ] - Jc-iiiili 4x, 

K = 0.090 hr' 1 j 

Pt(NH 3 ) 2 CI 2 - (0.040M , 0.02 M , 0.01 M) jj&jj q^Sj '* s (J&UlSt % <■■■■* 1 -I 


■ Pt(NH 3 ) 2 CI 2 j^aJJ *- “Sr 1 


• Cl jjjSj (^io Pt(NH 3 ) 2 Cl z jjljS jikl jjjb L» -j 
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mlazernrra Ij^Jl IXj0/-&0 ftp jQ/VtJI 














UMU $Um5bJI 


jMuJI 


: lM 

Rate = K [Pt(NH 3 ) 2 CI 2 ] : **>. Qjfc -\ 

Rate = 0.090 (hr' 1 ) (0.040 M) = 0.0036 M. hr 

Rate = 0.090 (hr' 1 ) (0.020 M) = 0.0018 M.hr' 1 

Rate = 0.090 (hr' 1 ) (0.010 M) = 0.0009 IVf.hr' 1 

, jj*j ^4 Lj jJa Pt (NH 3 ) 2 CI 2 Jjijj -<-i 

Pt(NH 3 ) 2 CI 2 1 > 1 mole jS/ Ls> Cl' ak&**j*J* Pt(NH 3 ) 2 CI 2 

. Cl" t> 1 mole ^ 

; /ws ij£ ^jic- ' F -!■■■■"" Jjft'uiil AjAaJ jjjtliil La ; 5-4 

¥ Jdlisll J 

9 Infil l Silk >S J 

? j 1 J-Jl <aLLj <lc.1 a loti 2 .\ <iUa 

<L& jIaII ^j-=fc.jpo l_j! jaJi 

Ai^Ln^olt ^ ^^ ^ (JoIaII Jojutj JuUi ■ 6 - 4 

CH 3 COOCH 3(aq j + 0H” taq ^ —» CH 3 C00- (aq) + CH 3 OH( aq ) 

: Je-liuM 

Rate = K[CH 3 COOCH 3 ][OH-] 

K = 0.14 L / mol. s *-y& 

0.025 M = OH' j CH 3 COOCH 3 t> jjlj ^ 0 

? JjKJI J CH 3 OH U (v 

- — : lW) 



Rate = K [ CH 3 COOCH 3 ][ OH - ] -1 

Rate = 0.14 [0.025 ][0.025] = 8.75 x 10" 5 mol/L.S 

Cli^LL Atjjjj jli tilli] (JdLoIi J_ja£ CIiVja JJc. jJjiLtll (Jjti Cj^jm (jl Loj -t_j 

: lsj^j (CH 3 OH) JyM' csjk*i (CH 3 COOCH 3 ) U£*1l 

Rate CH30H = 8.75 * 10' s mol/L.s 
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@ j) O rnlazemna LjjJl IjbO/^Lo £0 xvUaH t±Jji£>l 








o'.uVI JU> / iCuVI jljicl 


o*l*)l i iiinllfUtjAJI 


: ^SVI J^tfSlI ; 7-4 

2N®(g) + H 2 ( g ) —♦ N 2 ( g ) + 2H 2 O tg j 

: (^jVl Jj^aJl l_ljLs^ll £jtii 


Exp. 

No. 

[HJ 

t NO ] 

Rate 

mol/ L. s 

1 

2.5 x 10" 3 

5.0 x 10‘ 3 

3.0 x 10‘ 3 

2 

2.5 x icr 3 

15.0 x 10‘ 3 

9.0 x 10' 3 

3 

10.0 X 10' 3 

15.0 x 10‘ 3 

36.0 x 10’ 3 


,<c. Jjjali lIijIj I \i ^ 1 -Ui 


^J^lialt 3lc.jjji ^jjjIS ^Vui M -1 


- 8.0 x 10' 3 M ( 5 jU: H 2 j NO ij* j£ jj£JJ ^jjSj La^jc- Jc-Ujll ^ -J7 


Rate = K [ NO ] a [ H 2 ] b 


Rate 2 ^<[f[N£] a [Hz| J 

Ratej “ ^KlNoJ I_H 2 J 


-3 


9.0 x 10 
3.0 x 10 

3 = [3? 
8=1 


I, 


^ n 

— r 15.0 x>T" 3 2.5x10^ lb 

“ 3 5.0 xWK 3 ^ 2.5 x lO^ 


/£ 

: Jc.Uj 31 ic. (! 

1 2 u- 



36 

9 


i£xir^_ X psoxiP -3 ! 1 riooxitrf] 6 
Ox lft^ ~ jfil5.0xlO- 3 J L 2.5xl0 -3 J 


4 = [4? 
b = 1 


2 3 l 


L>- 
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9 m * azemna UiJl IsjO^jI IjU^^X) JQ/)$ oJI 























t£JwSIJU>/ili.VlaUcl 


gAiall^L rJI. j .-aW #Lu£aJI jlltillll h*M£S*4 


: (1) l£jUjjj H 2 ^ 

' (jjSj Q^jlaa 4_il& j 


Rate = K [NO] 1 [ H 2 j 1 


; (Jc-Udll A&jjji duU .iLsuV (1 ) ilia AjjpJj jllij (l_i 


Rate = K [NO] 1 [Ha] 1 
3.0x 10 -3 = K[5.0xl0" 3 ] [2.5xl0“ 3 ] 
3.0 x 10 -3 = K 12.5 x 10“ 6 
•z n v i n -3 

K = „ o g ft = 0.24 x 10 +3 L\mol. s 
12.5 x 10" 6 ' 


Cc 


Rate = K [ NO ] [ H z ] 

Rate = 0.24 x 10 3 (L/mol.s) x (80 x 10~ 3 mol\L) x (8.0 x 10 -3 mol/L) 

Rate == 1.44 x 10~ 2 (mol/L. s)_ 

; eLi-li (Jj-laJl i— ijLaJill iJc.LiiU ; 8“4 

c 2 H 4Cg) + °3(g) “> 2CH Z 0(g) + l/20 Z ( g ) 


Exp. 

No. 

[ c 2 H„ ] 

[o 3 ] 

Rate 

mol/ L. s 

1 

1.0 x 10' 8 

0.5 x 10‘ 7 

1.0 x 10~ 12 

2 

1.0 x 10~ s 

1.5 x 10' ? 

3.0 x 10' 12 

3 

2.0 x 10' 8 

1.0 x 10 v 

4.0 x 10' 12 


K -LajS 1 ^ ' j»J ( iJclijll (jjjtS gjjluit -I 

. 2.0 X 10 _/ LSJ CjH 4 J 0 3 i> L)_& lo^c. Ac. L-Luia.1 -i_i 

Rate =K[C 2 H 4 ]“ [0 3 ] b He 

1 2 L>* 


Rate; _ ^ffC 2 H 4 l a [Pal 6 
Rate! ~ Lo 3 J 

3 .oxijp^ _ ri.oxio -8 ]“ r i.sxio~ 7 i fc 
1.0 x lO^ 2 ’ ” L1.0X10-® J L0.5xl0 -7 j 

3 = [3? 
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mlszennn^ Ij^Jl I^jo^I IXj0/-&0 ftp jO/VcJI 















l&t UAiaU ^Uu^il 


b= 1 


2 3 4-o>j i>“ 

Rate 3 _ ^C| C 2 H 4 | a RVl 1 

Ratej ^faCzHjJ L0 3 J 

4,0 x 10^ _ r 2.oxio a i g r i.oxiQ- 7 ] 1 

1.0 xir 12 ” Ll.0xl0- 3 J [o.5xio -7 J 
4 = 2 x ( 2 ) a 

(2) a = - 

v ’ 2 

a - 1 


Rate = K [ C 2 H 4 J 1 [0 3 j 1 


/ji) 

1 (_>* K 


Rate = K [ C 2 H 4 j 1 [ 0 3 J 1 

l.OxlO" 12 = KflOxlO-**] 1 [O.SxlO -7 ] 1 

1.0 x 10" 12 = K [ 0.05 x lO -15 ] 


1.0 x 10" 12 

K ” 0.05 x lO -15 ~ 
K — 20 x 10 3 mol/ L 


20x10 

.S 


+3 




Rate = K [ C 2 H 4 ] 4 f, 0 3 J 1 

Rate = 20 x 10 3 [ 20 x 10~ 7 J 1 [ 2.0 x 10“ 7 ]* 

Rate = 20 x 10 3 x 4 x 10~ 14 = 80 x IQ" 11 mol / L. S _ 

: iuYI AjIjSM (J&lioll t ; 9"4 


°(g) ^ ®3(g) T ^®2(g) 

C1 (g) + H 2(g) * HC1 (g) + H (g) 

2N0 2tg) » N 2 0 4tg;) “C 


/E 

Rate R = K [o][o 3 ] 

Rate R = K [ Cl ] [ H 2 ] 

Rate R = K [ N0 2 ] 2 -jr 
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mlazemna Ij^Jl lXo/-&o ftp xs/VjcJI 










iiJuuVI JU> / JU)tikiUg Lt u^aJi 


2N0 2 ( g) + F 2(g) 


: ^Vl JeUSll : 10-4 

2N0 2 F (g) 

: lSj^' ^ V 3 d*J 


Exp. 

No. 

[NO,] 

[F z ] 

Rate 

mol/ L. s 

1 

0.001 

0.005 

2.0 x 10' 4 

2 

0.002 

0.005 

4.0 x 10' 4 

3 

0.002 

0.002 

1.6 x 10' 4 

4 

0.002 

0.002 

1.6 x 10' 4 


? 4X, jjlS ^ -Lu ja U -O 

V ,Jd Lilli 4_C-^jj*sj CjjIj ^_-Gl 19 ^li^j 


Rate = K [ N0 2 ] a [ F 2 ] b 

=£ 'HS“[!f 

.oxijj?* _ ro.oo 2 i a r o.oos i^ 
.OxlO ^ 4 ~ lo.ooiJ lo.oosj 


. <e.^)jaiil jjjlS (^ /£ 

1 ^ 2 ^ t> 


4, 

2.0 xlD^ 4 

2 = 2 a 

a = 1 


2 ,jk 3 lak b ->W^ 


Rate 3 _ ^tNOl 1 ^1* 

Rate 2 "^LNoJ Lf 2 J 

4 . 0 x 1 p?* _ ro.0021 1 rooosi 1 
1.6 x 1 a - * " [0.OO2J I0.OO2J 

2.5 = (2.5) b 


9 7 


© ^©mlazerrma Lull \^ a J s a\ IXo^^Lo {*« Xi/^LoJl s±>j£>-l 


















b = 1 


Rate = K[N0 2 J 1 [ F 2 j 1 

■ ( 1 ) ls * [ F 2 ] (1 ) ( j * [ N 0 2 ] Jc.UUi ja (>_j 

■ ( Jc-liill < c . jui ^ j_jjli (_^a (1 ) pi j 0 jLij (_ a . 

Rate = K [ N0 2 ] [ F 2 ] 

(2.0 x 10 _4 moI/L.s) = Kx (O.OOlmol/L) x (0.005mol/L) 

K = 40L/mol.s _ _ 

: Jc-USll : 11-4 


1 


NO Z(g) * C0 (g) NO, 

ij Lj^dila]! L_ljljXI 


-l-la, sUjI Jj-laJI 




. Jc-liill 



Exp. 

No. 

[NOJ 

[CO] 

Rate 

mol/L.s 


1 

0.10 


0.10 

0.005 

2 

0.40 


0.10 

0.080 

3 

0.10 


r\ n a 




U*CV 

U.QO b 



: iwj jl W aLLJi <IluiV) ^ US JI>J1 ISk lU- 


; Jc. Lilli 5^j*u jjjjla 


Rate = K[NOj° [CO]? 


Rate 2 0.080 _ K(0.40)“ (0.10) p 
Ratej “ 0.005 “ K(0.40)“ (0.10)P 

16 = 4“ -» 4 Z = 4 a 


Rate 2 K(0.10) a (0.20)* 3 
Rate! ” K(0.10)« (0.10)0 

1 = 2P -» 2° = 2P -» p = 0 
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: (2) j (1) i>j 


-> ct = 2 

: (2) ^ N0 2 J&UUl til 
: (3) j (1) uAu^l t>j 


©O D mlazemna b*Jl l^o^l bbo/'iLo ViixJl 



























i flirtUslu.itfnJI JrilAiiJi LUnM 


: (0) ^ CO ^>*a til 

Rate = K [N0 £ ] ? : j* ^>-“ <j_>^ j 

2=0 + 2 = /3 + oc = Jc-Liiii -CiUil 3 j2 ^>*11 
„ -Ujljll (jA (Jc^laiil 


jj jJU UJtfeUU Jj I dJA jt 

(jfy iLLw 1 * l (jJb ^tftjiiriiVtt SiUl 

Sam jo ju jdi > jj 2^i> 

^ suwsi ^at uo?u 

Au 

t . * /i a /,iT t i ,*r^-, i! 

1^07* JMWM F UrtB>9 
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@oo mlazemna LuJl l^oisol W^O gjO iO/^LaJI C±J>5>I 


^¥IJUf/Ww¥laUfil *UiB>4 

ynnl-^ij Jjaalj 

a IJo!J| 9 ac|^aJ|9 J=u>|*»J| 

Acids , Bases and Salts 


? ( a^J «Lalxll CllLL-iall j ? (j;U / Q* 

i>J ■ ) Jf® UJj' ls* /g 


* ttfli ^ 


■ {jV^a M ' 

*1 ja&JI ^lljjll (JjUUjJI S^jAJ 4-3Jj (jji JjiH (X 



j? j> \?£ ^ Jx- ^uo ^pajaijpJi Jc-Lijj 

*Lij ^jja Cjljlilt it-iilSi j^wawiljaii (t 

jt JSJu Jjbll Igjjoal (jki AjUSlI L^J (o 


\m&& W^l 


SSSm: 






H -- s < O. 'j-X [ 


l3^Uv*., 
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© j) O mlazemna LjjJl l^xl^ol buy&o £0 xvUall <^A£>I 






































jwriall ui^U ;U«=JI 


. lg~il q. s\ (_y*j . (_i]\jji]| OH" ^Jiii 1 ^ jji '\1 ^jjjl AjjLail (JjH **> .nil ^JS ; 

. fcW W> 0 
. NaOH ;rjl 0 

. ajA j 4Jjj (jjl jjij ( r 

B p-Laj ^tla ^ja JC-Ijili j&L&JJ (* 

. (jjlilt Jc l^ijJal (Ji-ajjJi (jk. ^jLliil IgJ (® 

A^fLaYb tilli £LjJaj ^ (Jjljtill J ^^a-aLaJt ^j-ij-lJ jl L-fijC* < ■ Qfr / (JjJ 

, tjiLall J IjkdlL H + LJJJ^ AjJsuu Ui?-J jW' ijr^ iS^ J* : ^ 

HCI (a „ — H®(aq) + Cl© (a „ 

jjjU J jk-» <Jjla-a J 

^Ult Off© jjj' 4_iLx* (jAjJj JLjjm 1&jjJUgil Ac-j-fc^a ajLsdl 

NaOH <„„, Na®(aq) + OH© (aq) 

. UJ^ 1 OH® Oji^ H® OJ^ ^aji ^ AjUc. 

H®(aq) + H© „„, -> H 2 0 

? <j^_Lkj l "^La 

jjSt Cllb^isii j^alaJ CjJtlj slk.n£ j J JL^gJ I £-a b>>L$^ ^^s-al^ll cJlCicLaj /^ 

JtljSKj kjLua^l AaIjjuX 


: i^j ^ j** 3 / 0* 


(fjj *** aj. ^ d ~\\ a L ^-» jLall (j^aUxll a * .U c-^olLali \j g '1 UJ^ U^ ) 

H® + :o«H -»H- O-H® 


I 


H 


uibj^' ujtf' H ^ fjHjj^' Ojd' 

^^alLal! JkjS 4,i1iS>»iiiati ^Lall (j^Q *JiiS jVt Sjij ff® UJd^ t_ilLaj3! (jl 

. H a O + UJtj' 

AJxaVb (ilb ¥ a^&Ukllj ^wa^aLaJl ^ } J_^i / U* 


11 4 ' vSThnaU S^Lall ' ajtljill 


. UJ^JJ^ /j- 
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mlazemna lj^J[ I^jo^jI IXjO/-\Lo xj/V^cJI sijji^-l 















JU> / aLu-i j^UJI fj_'i A '//ft 4a 


Sjic.II (jHiftlrV Jclflj (jc. Sjbc. ^ C-Lall ^ (JjS HCI 4ojKj^( »la, ^jjLj A^LgJLS 1-^.lLVljj 

^ JjPjjj Cln*jLiSI L^iV «.LaJi ' ^ ‘ - ^ 

HCI —* H® + Cl e 

H 2 0 + /f® —> H 3 O e 

^JL 

HCI + H,0 —» H,0® + Cl e 


H :Cl : + H — O : 
« * 

acid 


H- O® + :Cl :e 


base 


H H 

(S-sctf) Base acid 

. (i. ajy I (_ua-aUx J U^ ^ 

. H 3 0 j H 2 0 j F J '^a^La. HF6 j^ 

H-,0 + HF - H,0® + F e 


mlazemna.coml 


/E 


r 


H - O + HF- H O® + F e 


I 

H 


i 


^ h Base 
sjicIj (Base) (acid) acid (<i}ja s.i&la) 

(jjj3 (ijjijj} Jn&ijia ) 

(ujfJJi St^'j ) 

: ( ^UiluiV' ) 

. L#J* H 3 0 Uj£ t* pUJIj 2jjjS sjtli F £-» uj^j {^ 

. — 1 Jalioli tjjSjd ^^ic- SJalij <_>a-»U- vil^Lu H 2 0 J HF (^ 

■ i j ii j*>< i1 ~% tSljlui T — J Cl, „' JJ.^0® jj -mSjLp Jc-LtlSI 

■ tjjj(JjSLLoua SJk&lS jp© t/1L.nj ( £ 
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© J O mlazerrma LuJl \^ajsii\ IXty&o Xi/^LcJl &U£vl 















LMmAA 


: <UA»J| cLiU^IJoil lPcj 

.H® (jjjl qa 4_LJa ^ \\*'\ HF ^ 1 ^ 3 ^ ^Lali ^HF t 3 *- h ^ ^LsaL*, ^ 

„ pLoii jji ^lc Jjj L&a Jjla (JSjuu i |-| F (^ 

.ff® uj*' c>^HCI CllljJJA- £j^ ^Lall ^HC! Lfj^ 7^ £jWj^ (^ 

. H 2 0 3 ^ &^cl5 C/® ^-aasMult ^Lali l)j^ 3t ^HCI JSjlL ^Kan { £ 

. 4 ttjT I h 4 jJj3 £>JlC- li jA LSj^ -*\\j <JjS * Jit IS j& i flm fc 'nW jj rtA \\ (jt (^ 

4j4ja 1| S-ltL&ll Sj5 l* V^it » >i ^rartl.TvJl Oj5 Cjjl 3 ^ 


I^LajuLaJ I** \\ 3 urn ^A 4idx_k^n]i eJltLillj) 4 _j^]| SjtlflJI j l . *^\\ ^paxaLaJij ^j5Jl ^ It (^ 

Cgjilt «Laja]l a^Ult ^1 <AJ^n jflj a^U l^jt <J jS d^c-II f ~ : ^jU ^Jjjhj J^A? 4JL=^ 

? ^L&lt JjAAl Ui^*VI La / ij* 

nh 3 h 2 o ^ NH/ 0/f e 

_ (gq) * (0 ^ (aq) + ( W ) _ 

J^liiil |jl LaJj . s i1 iV^j^)J ^Lall 4.1*3^ tilLujj 4 W >Jn ^Ltnj^ S Jit 15 La4_1 i3^ i'*1LaS 

Ajj^)B s^c-la OH ® »i iA jj^Jl ^jjj! uilluijj LajA^U NH ^jjjjaVI 3j^ 

j^LajaL^Si iA\. j pLailA j Lu^j-aV^ 4_lc.lij Sic, L ^ ^.LallA ^Lall 

4 JL&VL 1 tiliji ^jJa j ? a^C-Vflll j ^LaALaJl i jd»u ^S ^ fl 

M ^ji.1 <. (jA £jj Jiu 1^1 j S^Lalt jA ■ (J ^ n ' ^ 

, ^Sll J^i ^ Ji^.l-a JJC. ^jjjjjSJI ‘.jjl ^llaluiJ ejUJl ; D^C-lill 

^ 4 i ij\ Vi ^ ■ .-i i ri\ ' ■' Af^. _J s1 »i'-l ^ ^ ^t~- 

_ LlijXiVI (JcUlU 1,.aA.UT- . ' —U-' 1 yjVI JIaaII 

> CI 3 B : NH 3 


bci 3 + nh 3 




hl^. Sac. Is 


JaWj 


Cl : 


H 


Cl : 


Cl : B + :N - H 


-> Cl* - *B •- *N •- 4H 


Cl : 


H 


Cl : 


H 
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0 j) O mlazemna LjuJI Ilo/^Lo go xj/^LoH (±jji£>1 


























ffdtll JmU iUuM juMmJI biUMM 



, A^laVIj *uJaj ? ft Lilli ^iLii jjUL La / 


JjjjSjJ jtjlj HgO® L^® ^JjLbia jiL&l (jjSJ (_y® J^J UtJ^ ftLail / 

(ji LaS iiiiijj^ ^j^ia l. | hn-\ lilLi ^Li-iajJj ftLo (jll frLa ilia *■. ] & OH® 

: y3V I lM 

H 


H - O + H - O =± H - 0:®+ : 0: e 


H 


H 


H H 


ftLc-la tjLa^iLi, SjftlS 

1 2 1 ilajs ^ l_h> 


mlazemna.com 


H 


H - O : + H - O: ^ H - 0:+:0 


H 


H 


H 


H - O: + H— O: 


H- 


H H 


0:®+ : O 


H H 

1; * 

SaiCrlS 
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: U^d.^ L - > l "> j 


rnlazemna IJ 14 JI I &X0l>\ IXj 0/-&0 f&o jO/VcJI ssjji ^-1 



























j U 4 nJ t uil^M 


u '-.u< *uil CjLuJ^ (j^.! ji\‘A\ (jjhll SuLuta Aji^lii $ j^=\ (jjjSlJ sjtliit J' 

[_£jt)JjLal iiljLt pLall ellju . ja aJlc-U£, (.Lull 4jj>a tdluiJj 

? a n 1 . ' CiV^Lt-alLi titti ^ jLjiil La / (_p 

H® j>JJJ W-i'-a* j 1 W^L^L ^jjjjU SJiUli ujSj <!Uil j* lSjj^V' lIjLJI / ^ 

t> L^jlj f,UJL *jili C ^U o^aljaJi £* 4 >Llu 3 4 *UL> Ajjli Jjiii ^>31 

/Lsjill e-Selsil (Ja SiUj £-a <Jclaj (J^La. 


Al(OH) 3 + 3HNo 3 ^ AI(No 3 ) 3 + 0 

(S) (aq) (aq) 2 

AI(OH) 3 '^■■'„'» i_jUJI rJ ^iJVI Aia-SjjaiA ^1 NaOH Jjl^ t > Sijj *iLjal ^ 

. 4juIM 1 CjU-LajJ' (jJjSll jLjjJL Uj 



fj ■_ ^hifj 


J.8c(OH)j* 

J^iCOH^f 

■:: 

;z»(OH>j 

tSn(OH)J 

: 


■ 

- - .■ 

CrlOH), 


-"■ ■■•■.. ■ . 


1CMOH1J 


Al(OH) 3 + NaOH _ > NaOH(OH ) 4 

(5) (aq) (aq) 


. ^..rr-,, 1 

SnlOH 

Sjv 





■ 

IP 


Pb ■ 



' - mcohx ' ;; u _ j;/ 

V"\ 

A&* 

nui 



Sb 

f«b ,.:^ 

.... . . 


sr- 



; Or 



. 

I o.r; 



? <LiiLall ^ (jj=uai_tail ' J' ^ / (J 21 

. kn Jj| tlibSj* <jA ^5UVt Ob ^-3 C^> 'Lie j^aLaJI JeUS jl / £ 

. AjoUill 4_Sjiii1 Jetjall j ^ua-aljaJI JJ 
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-0 mlazemna IJ 14 JI I &X0l>\ IXjo/-&o f&o jO/VcJI ssjji^-1 



































































*^aU sL u o^aJl j«4ftitl LH&3A 



%> A -v \\ 

LiOH 

HCl 

NaOH 

HBr 

KOH 

HI 

RbOH 

hcio 4 

CSOH 

HCI0 3 

Ca(OH) z 

HNo 3 

Sr(OH) 2 

H 2 So 4 

Ba(OH) 2 

H z Cr 2 0 ? . 


if<&a ^L ^ui«j stoichiometric y-*£ l&A £* u^A*. J&iii 

; JilaJi (Jauj ^^LtS „ jjbl] <Lls AiuiSjjJai kc . J jl (jiijjiiA tliljj 

lIjUujs ^jIc. ^La NaOH AuiiSjji}* ^ H 3 Po 4 ijLjjixjali ^j-^i^l Jic-laj 

. (Na 3 P0 4 ) 

H 2 Po 4 + 3 NaOH_^ Na 3 Po 4 + 3H 2 0 

(aq) (aq) C aq ) (£) 

_ ?tLa ^lIuj cJljjoi <La^'>Ut Ajfll£lLa]l /ja (JSI S-i&lfill ^jja£ o^LiJ) A\^. 


W 3 Po 4 + 

NaOH 

NaH 2 Po 4 _j_ 

h 2 o 

(aq) 

(aq) 

(aq) 

(0 

^3^°4 + 

2NaOH _ y 

Na 2 HPo 4 

2// z O 

(aq) 

(aq) 

(aq) 

(0 




ai(oh) 3 + 3//a ^;a 3 3 // 2 o 

. , W .. (“?) (aq) (0 

^-ijj a.3iL^.j.I \ AjxSII ^j-a JSI >> a\ -h. U ^ya 4oa£ ^4 j&ijalt (Jclai ^«-- Lai 

Al{OH) 3 + HCl Al(OH) 2 Cl H 2 0 

(S) (aq) (aq) (S) (l) 

Al(OH) 3 + 2HCI _> Al(OH)Cl 2 2H z O 
(S) (aq) (S) (l) 
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mlazemna b^J[ I^jq^I IXjo/-&o g/o jO/VcJI sljji ^-1 















yUalt kA>aU »L< u £ a H jtfteJI ui—8*0 


J-lljtJ j Jc.Uj 3 yl 

Al(OH) 2 Cl + 2 HCl —» AlCl 3 + 2 H 2 0 

? UJ^-“ /u^ 

r 

z 

? AjjS oJIC-Lb £-a j^j5 y>uL^ Jc^Uj y-a AjIiAa ^iLaY AJial -laC I / y^ 


4 iJicta y-ka-aLa* ^La ^jjj e^C-lS y >» *\ ^ (JjUu JXiC- 

^cjjj Ajjfi (jJa^L^k (JoiS 

^ \ ri J ^Lc j^clli AijJtjJa SjDla ^ jB y^taUx (J&lij Aic. j 
?~_La ^clliJ AjjS SJCpU A-a t, flj* > >i y ^1 J ^ Jc-Uj AJO 


HCI+ NaOH — 1 

o^c.ii 

h 3 o® + oh 0 

, eic-la 


NaCI+ H 2 0 

?t Xa p.Lu 

- 2H 2 0 


? <Jj3 ajic-li £_* - 4Viijj ^^>LiV 4Jlal Joe. I /(J^ 


HA 


MA + 


H 2 0 


MOH “» 

L V* L ^ Aj^B S-lC-Us ^-La pLa 

MA —* M® + A® ^ 

H® + A®^ HA i y^U* 

-V y ^jQ i_J^i^ojl yj& UU*^J Y L ^ ^ yjJ^ 11 ^ 3 

(^U JjK a \\ ^X^ajj Jjl^alL AimSjjA^I yjjl jj£jJ <^-*®-}J HA h ^ 


L aj* L >fc y «■» 4 jj*B oJ&lfl yj&AUx. o-j£- lii 

*j5 a*1m £^L*Yl l>* HCooK IjjJt djLijja j CH 3 CooNa 

3_i^ *JC-\i ^ l t >1 ^La ^1 (Jlajll j ijJstalaJl 

? Aijx*-b oBolij igjfi ^ y-a AiliLa f^^LaY ALjit Jatl /yu 


HA+ B-> (BH)A 

(Bf/) A —* B//®+ A® ^Ult JjkJI ^ tjjb- 
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© j) O mlazemna LjjJl Ij^jI Ijbo/^Lo £G X)/Ua)l t±Jji£>l 





















^yUaJI i iualS «Uw£all 


Sjtla tjjjSll jjji ojUjV *+au BH W ujj\ Jt£jj (BH) A ^t<Jl 

BH® + OH 0 - B + H z 0 

^ i >> airy (J ji^aJI //® qjjI .iLjhLui 

BH® + H 2 0 - B+ H 3 0® 

, 4 k \%> Ja Sac-lij 5 r-iLaV| ^ ^iajjK £cla j jIjljj 

? 4-Lix-Ja j ^ fljy.^.o (j*a 4jUiLa ^3LaV aILJ JaC-l 

A e + H 2 0^ HA+ OH 0 
Bff® + H 2 0 - B+ H 3 0® 

, s^Ulij ^j-iajEiLsJI filjS ^Jc. . Wlai J ^ * ail mi! lJSwiJ jl ^jJa^LaJil jW^U A * 

. JJjuLg ^Idll ^Lall JjK rtH tilSij dutU - kilSii dulj ^jla 

. ^ ^ ^U3 ^pUJl Jjla^-Jl (jj£j LiKij C±jLj ^ ^)jSi (jJ=wiLaJ) dlSij diAj <jt£ Ltj 

. (_5^C-IS £lLJ] ^jLJI <\W tilSaj CjjUj ^j-a Sjclill ^Kfl'i dlJU ^jlS lil Lai 

? 4JiLa')fl _jSi £j& ^jjaj -IC-t ^umI j^aJl JjY^ La / 

. t^a H 3 D® jA> -a-sky <j>U Cili^a JjV-iit /jr 

^5Lj AjjLl: 4.* us\ J J rnj (Jjla->all e^cli jl jl*iLa JlV'lH jff Lla 

b ^Lijin-% ^ 4 h!mVia^ Jil 

HIn + H 2 0 — > H 3 0® + /n 0 

4j^ 1 t fijt I jo ^Jjj=4& 3^-3^ 

„ 4£SiU ja«4l HIn 4iSii^Jl /yi 0 4 -ia£ (J_jW aH 

? Jull ijj^a ^pa-atjiJI AjjLal! JpLx-ai^ j^Uir i LLJ 

j! itLkJj ^ ^aJJj LLaLii^l JiLx ^ iwl -LuLajSJI 4oA*i Cjli {JJLa^d Lg-J^ /^ 

c illh j Jlitl^l ^Ijjj Jj ^ -Ljjwj fjl£ ^1 jjij L^Jicrta 

. iiL-aCrVl 
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O mlazemna |j^J[ I^jo^I IXo/-&o ftp jO/V cJI sijj^-l 




















*uss»> 


AliSlt (jl bale. Jjla-ail 2L ^ HCI L> giTl 3.65 ls^ l!.>^ : (l" 5 ) J^ia 

f HCI = 36.5 g/moL-S^ij^' 


M = n(mo ° 


n (mol) = 


V(L) 

mjgm) .. _ 

M (gm/mol) 36.5 (gm/mol ) 


: lM 


3.65 gm 


= 0.1 mol (HCI) 


^Si.y* M = = 0.05 mol/L = 0.05 M 


i> 2.5 L gm/ mol 1.71 -dj£il Ba(OH) 2 : ( 2 - 5 ) 

? M 0.06 


M = n(moi) 


n (mol) = 


F(I) 

m(ffm) 

M Qjm/moi) 

m 


: JaJt 


n = JL 


V' 

m (gm) = M (mol/L) * M (gm/mol) 

= 0.06 (mol/L)x2.5(L)x171.3 gm/mol = 25.695 gm 


v Ljjii. 

a JjLauH 3Juls L« / i_y* 


(jhi*-* ^ ^ (Jcrliill Jj.frA -4 Jjia-A (jJ-jSl oJuli (jl 

(.ii*i <) a jab j_g.au, n*i°l (J _jVt (JjIa ai*l jijfijj l-jLlua! jjjIaaII ^aaSI (Jflit'hauB 

4 A.La._j (j.a ^ Vi jJSjjjj jjjjJ&lAVa]! jjtU^Lail (_£. 1 a .1 AaLhaLi /ij (jl 

ig&\ Conical flask ^lajja-aii Ajjtjll sjCJI Jl burette 4 aU*^I 

jjaiiiu Jtiini JU^V -ciatjai f jL&ll jjjabS /ha Erlenmeyer flask J 

. End Point * 4^1 4 -LSi JtUiil L*j ,^$iu JJl 






■■■&t 





V fiJiC-lil £_*i (jJajols^ ^ j "v > >n (JIjuU j / (J ^3 

^SajjA.4 J / 2 

\ I-»U [J^La^ <1 j a j l ^ j, 

4 ^. 1 , .^. I a ^4 ^.jjlx -4 aj^Jhl 

4-Lij jJxli i=^iU 

; ,/:v ***.. .. * . jaia 
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@ lj) O rnlazemna LjjJl libO/^Lo £« aO/Ua)l t±Jji£>l 























^d^lj*alMlli4oU«Lu£aJ! jlUltltl L/U^A 


-u* ml 36.5 o' ^ l *1c. til jjl£jji^JI ^uaiLa. J jK a' ^jVj^II jXjjll _y& U : (3.-5) JUw 


• i>» MO.236 o^ 1 ml 43.2 ^ ^jV 


HCI + NaOH -» NaCI + H 2 0 


/E 


V HC , = 36.5 ml 

MHCI = ? M 

^NaOH = 43.2 ml 

^NaOH = 0-2 36M 


M i v i ' m 2 v 2 

M hc , x 36.5 ml = 0.236 M * 43.2 mi 


■ i fljgT 'tl| (jjjla ..yi.“». 


0.236 Afx43.2 ml 
36.5 ml 


= 0.278 M 


iji t j t j^>*ii (yx — aJjaIi a n<;u ) <ia ^ ^s^ji j t j\ ^ : 1-5 

? 1.96 Kg/L (jijLou J jI-n^I I ,j]j 96.4% = ^ *> 11 ajIjSII ^j^ui i .....11 

/c 

1000 X iillij g/L Kg/L s^j 4 JjS J 


m = 1.96 x 1000 _ 1960 g/L 


Ill 

%= —-X 100% 

Jjk.ill m 
iMrfUJi m 

96.4-—r—x 100% 


: 98 g/mol j>>aUII kAjA\ ^i&ilj 


m : 


1.96 
96.4xl.96 


100 

m- i .889 g 


az 


m 


m 


M - 
M = 

98x1 

M = 0.0192 M 


MxV 

1.889 


uJUaJI Jjj> 

y-jJ* UJlm-j Jll 2*j)U jJu yd Jj M jy Jilt 2U>HI aid jl 

ydj iliat/Sfl J^> yd taU> yd>dicJI 4 mU>JU j » dUI 

Sdttt y-jiw jjd >*im jj j^aij 5*2*01 

uii»u 

| ■ ..»»■ ~ S . 

r" MmMHV 


no 

@ i O rnlazemna LjuJl Ixo/^Lo £« .o/UaH (±jji£>1 


















JU> / aLL/VI iiitl 


i iiinit £U«^£aJI 


j-lloI11 JkAI| dliiuf J^ln 


? 4 P'-aVl ' tdlj ? (JjLuIl “Lilac. J fi-leli! j (jlaaLaJ] 1 —S _J& ^ /I “5 (_>“ 


.t^Lail Jjla-alt (H + ) Ly?-JJA^' ^Uls' ^4“ t^'j O^Jj-^ 1 Lff^ L?^ 3 LS^' J* :<_>"LaJI /£ 


HCl 


(aq) 


H(aq) + ^(aq) 


~i;LllUjJ ^^uSj (Off) 2x. jrt-^ -n Ls lc. (jjll SjIaII <jfc ; oic-lill 

.^Ul Jjk^lt (Off-) 

ATaOff -> Afa + + Off“ 

;JH*1I J;;-- 1 _ ? ie j dLJt LjUjjsh jjjSll Off— j ff + <—aLaJit : JjUjII 

H C l(aq) + NaOff^) “* ^2°(f) + ^ a (aqi) + C *(aql 
ff (aq) + Q/f (~aq) tf 2Q(f) 




«(aq) "T ^"fgq^ ggg&Q 

£ji ^ Lua J£j Jlj> 

ijc-lfl J 

- LtiJ -J 


/ 2-5 lp 

. (j^aLa. -' 
. -jr 


jr jJ “- 


: -^J-H ^ 

.(ff + ) UJJJjJ' £*» ^J U^JJ^' LSJ=^ Ols^ ^>- c ? 1 J* : I_^^' 

JLdluil 3aliB ljjjI _j1 “LliJjik. ^1 ; aJi&lail 

<ii.\ jji . j»in m..m | Ij.iC'li lijlj »■*' ' • i -1 ' Li*ja*l-i. LS^lui i-l l .c, i e.lLa (jjl Jc-lii jJS 

■liLLi jL.ill \ ag Logia £ j j (JS JaJJjJ ifileU (jivaLa. (j* (jt=aj j lilliA (jj^J 

bJu^La J< Aila jT j jll Lai AiijS D.lC.Uij j jll .IsJ {JSjLj ^ILjj ijjJ JJi '-r J LaU^I jl 

.U^jS (j^Laj 


/£ 


£.le.lij — (jJaallv) ijA JTjj t?L£ 3 ^ iC '^ Cl J (ij^ 1 ^) HCl UJ& Alslaail (^is ligJ 

(jaa^Va. ~ fi^eli ) (ja £jj (ujJ 3 // 3 O 1 J H 2 O (J-Ly ■ (^-VJ 3 

JllaJI (gij 3 

ff 2 0 + HCl -» ff 3 0 + + Cl~ 

(1) o^c-^ (2) (1) tjij* (2) ^jjj£ 
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© jl O rnlazemna LjjJl l^xXtfdl libO/^Lo jo X}/Uxi)l ^>£>1 



















l 4 u&U 


* J SJ*^ Lux* L>y^| ‘U-jisuj ^jL Ula <J£ ^ Jc-ljiltj ^jjj jjjj / 3"5 L>* 


H z 0 4- H z 0 -> ff 3 0 + + OH - - I 

LJ ijjJjjJ) ij^ L>* ^JJpSlVI lI -i^U u ! (Jjlt *t-Jl 45-^3^ *illuu 

_- £ Lia!j1! JjJlII tiSjL-j dftL.ii.) 4-iS in^ jSH (jV ^yUjl S^tS idi^Lu ri ^ L "J* ^>^Vl 

hci + h 2 o -+ h 3 o+ + cr 

o^li j* H2O (^LiJ-wuJl *jlll ^ j^jjAj^Jt) ^pujl j& HCI *L 


Sjili 


J5W 3 + /ft I -► //A/ 4 + + OW" - 

S^j&Lfl NH3 (^—SjSj—( uu^aH tojiJt jA ^ 0^5^ (j^vaLa. j& hci *L$y>- 

, ejil) jA J 

jjic 4 jij^ l$JS jjJJ ^ j'JjnjS Jj^jLst-a i_u£! ? ^ «. tl ^UL j j. ^a.-.tl ^ f 4-~5 (_>“ 


NaHS 

;? ^AmLbtt]! J 

NaH ? 

IC-Ijillj ^uwl 4 J-* A3Lill A J ^ \\ ^^LaVt 

P0 4 KHC0 3 -V NaHS0 3 -> 

AijU^s a^j^Uij m<^\ lu&ii, 

J^a JSI 4-1 aS ijcalia ^jijllll r-iUaV 1 ; A ^ A ^ ll /^T 


^q ijtliill Igljlila ;.mui Cilii«£» ^-XaVI 

: 4uVI C:VjUJt ^ 

^J^s> i ^Lj J ^ \\ 

H 2 S0 3 + NaOH -> 

NaHS0 3 + H 2 0 

(t) 

H 2 C0 3 + KOH -> 

khco 3 + h 2 o 

(m) 

H 3 P0 4 + NaOH -*- 

NaH 2 P0 4 + H 2 0 

M 

H 2 S + NaOH ^ 

NaHS + H 2 0 

0 ) 


U Jb /5-5 

U" 

* <jj£-i Ajjill -ic-ljiltj 4jjiSl jaA\ (j* A tx^Lftll ^vLoVl J-JL^-a -1 

UK jljpVl A,\]aC, V S-Lal) ^ ^ jill ^tjflltj 4>^ Ailii-Jl ^jLji (jl / ££ 


; *Uit ^ JUl£jj1a$1\j { ^jj^1\ CIjUjjI 


H 3 0 + + OH" ^ 2H z O + B 

„ JcjUII Jjla^Jl ^giu iillilj IgjLjM A y,\& jjtu Vj tut j diUjjiVt &0A jtsljj —%* til 
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O m * azemna U 31 1jw)/ , \Lo %t& io/VtJI Quji^-1 

















JU> / dCuttfl ilJLtl uuoU &LAd=JI j^nltl >n^*M 


V 4 ,. ±ji\ ^ j jSa Jai.i dl Jic-ljallj 4jjall y^adjdl i jA 4 j uadi ^IdVl Jddja “^r 1 
Jc-lili sld) ^[(BHJAl A 3431 . dl ic-ljiillj Ajjlll yd^jdl L>* 4 ^ ‘ ^ LjWj^ di /£ 

SJjUdl t.;, u . tfvj (ddl oljjja. d ^i 'i ij-o iaJLill) UJ^ t*(BH + jj/) 4££ild 

; 4dddll 


BH* + OH' -* H 2 0 + B 

d%ddl) dA$J+^ ! UJi' Jji^l yi jj^jj^l jjJ jdjj Jiijj d^ dldj 

\\k >i *J ^ rt't 


V AdiC-lS UJ^ AJjSW ** ft)* i rtll (j-a AilJLJl ^dLaVl 

^ A" e-Lalt ^ (MA) -icljiitj </>* AVVod t ^iLoVl oWj^ /£ 

HA *■ yyaddl jjjSjl^tall Cjtojja. ddj (j* 4jJUll) dUjji 

Jjladl jji dUj/l jd ji $d j J! (5^jJ U^j(H + + A" HA 'U-lddl ^-Loiaj) 


.1 

jJle.li tiiSiu 

.^■■Ijl^Uj (^5^ 

4 |Uo JjUu Ada 3 5 - 

ml J L-^'eL i^j ^LjOJlll ij^l^ J J)\~S ^ AjJ^J- 4 L_LuaJ^i / 6“ 5 uH 


. 16 = O * 1 = H * 23 = Na : j «| 0 1 Na.CO, o- 0.302 g 

; ^icr lLiLi jJ jfl£i j jdJ Aljsl**a * . ^ 


2HN0 3 + Na 2 C0 3 -> 2NaNo 3 + H z 0 + C0 2 

4 4 _ 5 cJ^-^ lift 

t> 2mof l&I JVo^COs {> lmoi y^ (Je-lijlt ^d u' ^jjjjdl ^dddll ^dddl 

.Na 2 C0 3 yd dc. djuJal HN0 3 dVj* jjc. ^jjSj did HN0 3 

ZJ jdl <ldllj dVjdl ^ jUjI (> l^da. jdj Na 2 C0 3 (mmole) dVj^ ^ ^ t_jd=J 


M(Na 2 C0 3 ) = 2x3 + 1x 12 + 3x 16 = 106 g/mol 


n(mol) = 


m(g) 

M (g/mol) 


0.302(g) 
106 g/mol 


— 2.85 X 10 3 mol 
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U mlazemna IJ14JI I^jO^I lju)/ , ^ijO jO/VcJI 




















t$Jiu3yU>/iiluShUcI 


^Oa)l jMlidl t U«=JI 


10 00 (mmo/) 
n{mmol) = n(mol) x — '{'(mol )— 


mmoie J' Jjp^ ^ 


1000 (mmo/) 
l(mo/) 


n(mmoZ) = 2.85 x 10~ 3 (mol) 
n„a 2 co 3 ~ 2.85 mmol 

n HN03 (mmol ) = 2n Na2CO3 (mmo0 = 2 x 2.85 = 5.70 mmol 
M hn „, = !^=!2 = ( " m °° = 0.16 mmol/mL 

v 'hno 3 v(Tnn 35.7 (mt) 7 

mol jL ^*^2 mmoljL 0^ ^ 


V(mi) 

M**u = °- 16 moi /i 


( 1 . 18 g/mf <jaU&j %36 = HCl^ / 7 -5 a* 

i? Af j^ 3 ^ Jjla^ j-* ££7# tn! j 

^_La jolt* <fc& (J!Uj ffCl w i-5 (jJiijj 3^=s J'j * it'l ^ 

<UaHI %\ l CiUjc* (ji ^^iaj l^l %36 4 w/il) jl LalLLj tQg/ml) 

^,‘ y-— ^ ' • ' ^ *' '•’ 

36 

g/ml = 1.18 5/mL x — = 0.42 ^/mL 

1000 ^ g/4 J' 

g/L — g/mL x 1000 = 0.42 X 1000 = 420 g/L 

%11 44] jdl A VX^l ^uajLiJ) Uj t j 

M(HCl) = 1 x 1 + 1 x 35.5 = 36.5 g/mol 


M = ■ - g/ - = Jiy/ L \, = 11-51 mo*/L 

M (g/mol) 36.5 (ff/mo!) 


Mi 14 = m 2 v 2 

11.51 mol/L x V ± = 2 mol/L x 500 mL 
2 mol/L x 500mL 


j» ^uuL^ll W ' i_ C 'a-v'iU jjjjUi 


Vi = 


11.51 x mol/L 


= 86.89 mL ^j!>UI j*j 
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© Qt mlazemna h^Jl IXjo/-&0 ftp jO/-VcJI 
























dUtl 


yhUH jua lie)! gl u^t l j nfr (tltl UUmOA 


*U Ajjjjll AjjIaII <jj_ijll J Jj 4 « [> 5 ml c/^ HNO 3 / 8-5 L>“ 

. ( 1.42 g/ml % 69.8 

/ lM 

P = E -*■ 1.42 = f -> m = 7.1 g J^i its 

v 5 


% = 111 1 * 100 
mi+ni2 

69.8 = -°^ * 100 -> m, = 4.9 g <*& 

7-1 

132.8 g/mol 4V 1 ' (NH 4 4S0 4 fjsVVl V V ^ /9 " 5 <->“ 

. 0.25 M J4“ i> 400 ml 


M(mol/L) — 


M(mol/L) = 


n(mol) _ ni(g)/M(g/mol) 
V(L) V(mL)/1000(mL/L) 

m(g) ^ 100Q(mL/L) 
M(g/mol) V(mL) 


m(g) - 


M(mol/L)x M(g/mol) x V(mL) 
1000(mL/L) 


/£ 


O.25(mol/L) x 132.8(g/mol) x 400(mL) o 
m ®” 1000(mL/L) g 

r- pU1 (1.84 g/mol % 98 ^ 4V 4*^') 3 s V' 4&J4 1 ' ^ j* 4 /10-5 u- 

.(1.14 g/ml %20 ^ 404' 4V' 4^')*-^“^' t> 100 ml 

AjjIaSI AiliSil <■ ( _ ura.^?k\ l 4^ j£ja 

98 

g/ml = lMg/mL x — = 1.8 g/mL 4V 1 

g/L= 1.8 x 1000 = 1800 g/L -^'4' V 1 yO 

H 2 S0 4 -1 4V ^ 

M(H 2 S0 4 )= 2 x1 + 1x32 + 4x16 = 98g/mol 
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©OO mlazemna Is^a^jl Ijutf&o £0 jo/^LoJI &*£>\ 





















i-uVI / iUwVI *\J&\ 


iaaU ^Uw^sJI 


M = (9/L) = 18.4 mol/L 

M(g/mol) 98(g/mol ) 

20 

g/mL = 1.14 g/mL x — = 0.228 g/mL 


100 

a/l ~ 0.228 x 1000 = 228 g/L 
(0/L) _ 228(g/L) 

M(#/mo/) 98(^/mo/) 

^ x W, = V z M 2 
18 AM x V 1 - 2.33 M x lOOmL 
2.33M x lOOmi 

^ = HUM = 12JmL 


2.33 mol/L 


l OO-vaII -v \\ 

j]l jiUt 


/11 - 5 L>* 

; LaiS 4 -\j-k 1^11 jaL ajLjJtll ^Lai ( X ) A fcjLyijl pLa! ( yj ) £_**b 

• Jfiau — Vi _<J 

„ .viSo&li£ e.LJt Uj^aYi _ 2 
. oyji i> AfCI 3 jjjjK -3 

_ 4jj3 tiljiul A^talt _4 

« LWjJ -.5 

- j la,,u AilxlLalS Ajiliill CjI J_1ji_SI (j_e * 

. OUjjjjj JUBil SU&lii — JcUlI (JAlJaJJ ^ 

a 4jjl i<k . V\l t Qjjji iS^J^ 0^0 ISJ 4j Jjjjjalt ^IjlAlalLil! 


. (V) -3 

. ( V) -6 


.(V) -2 

■ ( V ) -5 


( 


* -7 

( X ) -1 

) -4 
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l9 mlazeirma Ij^Jl l^jobal IXjO/-&o ftp jO/VcJI quj^-1 
















^JwSIJU*/iC-SIAtel JMAwII ij 


ijuaLiJI Jf-»t»l| 

Polymer chemistry 


? (polymer) j*£ji ^ /o 


tjjo. diijAilj-ill jfwuj mer j poly c5^ /^ 

.monomers cj! iiAiijaJ ^ j±& jjc. (>» i_iAn ,^jit ^aXa*Jl 


? 4Jvl&l£i La j ? dil jAlljill -Lajjj jj^aijVl La 


. Sji 200000 Jl 1000 

A ‘ wN A li L ' 1 J ^A *' **■ ~’ 1 J i J 'i';" 1 A-lL&XJ (_Jc.lflJ 

4oaVI ^_a LaS 4jiiLaC. 


nM -► 


M 



n 


V La /(JJ 


Natural polymers (1 /£ 

Synthetic polymers ^pu^lt cjIjaJjaII (2 


? ‘ . '‘ a-v C'jaj.i. j <—ajS /(_p 


; uuttiTh j / jr 

Thermophastic polymers SjljaJl ac. jlk*!! CjI j^uijJl (\ 
Thermosetting polymers *j' j=^ j^l\ {x 


? jLla-a ^aiJI J _ja 11 4c-jULwJl jJ) La /(J^ 1 


4a. jJ ^jJaS lL JoC 


i olVu j dllj*a S^C- <LSLuJ S^lcrl 4 uajhaJ ^ jUa^all ^ 

„ iLiKjL uXillj dvtj-aJjJl aL& l$Jjl j^- 

, jjjjliui j Jjjiil! 4JJJ^ yr^ J U^JJ^ yrU? J uA£ l tA* yr* ^ 

'■-"'y' A K A ^Jt ^ Laj( j A U-suiJ Juc (JjIjj V J$i £jUa* Jklii) jAiljjil Uil 

m 1 ^tLli-all Jaliaallj jiaiLplI ^3 LaS 
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^ rnlazerrma lj^J[ I^jo^jI IXo^^Lo ftp jO/V^JI quji^-1 






















jttA Licit laa U $Lw£aJI 


V ijl^pJI jjjIj j j^jLiJl L^jjSjj t- lIiI^jaiI_jJI L"^i'.^ i. ’a i*n / q *i 


Cross — linked '^SA^ -3 


Branched ^ ^ -2 


linear -1 


; ^La^Xi ,i j CLllj^aJl -1JC- ^-^-iHjj 

g-Ul 4_2k.^)J AiC, J t LJ^)l^i. *CijLl JiJLO J l 3_?^ 1 t >.» i 

. 41j1j jj& j Aljg, mj l3j 3 Ig i >>t. i ^VJmVI CjIX)^ (Jjjiilwj ^Jc- 

JJWU JjjS lg fc^i* J L>^ V J lfrU.1 La^a A-hl^La ftjjl ^jlijj^fl (^LLkilall Jja-il jjl) Lai j 

a Ljl 4jjlj J IgKfcri A -S a 

^j3ll l ^ ii []-% jjaaljJl ^I^jI 



^jLouVI Ig^lill Cj1jh<u]^j3I ^ti 4jtl_iSaj«aVt lIi! 

Addition polymerization Ail^VW (f 

Condenstion polymerization uiliilL *jAA\ (y 

? 3JLaVU ? ' ^jj ij ? ^sL^aVLi ^ j^LVi 1 ^ j ^ ^11 La / 

Ajl iAa jjiJl ^jjo ^ J ^ *US ^jj ^jLla^ jc-lia i <fiL-oVLl S^aLII /^ 

M 4£^LaC- Ajjj^. tilli jaj *L:j£_ 4 o^wal t^J^l j^aJj-a) 

tA« J (PS)o!jjUut u J (PVC) JjijUJ! JjjjJS yjjj j (PE) jJUl US 

(PP) 


¥ AiLjaVlj S^LlI Qjq <^jU]| 


/u» 


r 


n 


H 


jjliiVl CjUjj^ ASLJalj &JJL >1^1 ; (PE) (I 


X 


H 


H 

/ 

s j1p- 

r HH 

1 ! 

j c—c 

C=C 

^H 


1 i 

H H 

L. 

u^ 
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n 


j 


© i O mlazemna LjuJI Uo/^Lo go xi/^LaH (±jji£>1 






















u< aU gU».^a.1l 1 jmAmJI UUmM 


JjLj! gJjj ^ La£ <>o CjUj (—iVVl l frjJa. nJ JJ J iilli]^ 

..... CH Z - CH r CH 2 - CH r CH 2 - CH 2 - CH 2 ...„ 

^-ic, kkjxjx AJUjJa ^jjjg fllial J£ill_ 



JMJA JAljA JAAJA 

l"« ■ ^ j Sjljail . h<i~t eJijtia jl£jil jAA QJ$4 (jl (jS^J j 

^jlc. >j**j 100 C° l ’ i '~' ■^ c ’ ujA i (HDPE) ^It uAA (l 

SjIIc Cjti ^ jjuA^i {jjSltS L J 

1000 200 C° J 1 oAh^ 1 ^ 0& : (LDPE) uAA Jj* (2 

. jj^SjVl jit atm 

. oAA' lAj^ 0* ^ j 1 3 ^ ujAj : (CPE) ^LLitui jAA tA-W (3 

? JSLjJ iJS (JajLLuU lA j . uA£' JySdbii jJ Lft / ^JjJ 


jAT.t^n l.g, ^ ( 2 


ig. \l. AjJ\Aaa A \U\W AjIjuJ^ JjSj (l 

j 'v-iJ.-yil CjIjjc- (4 J 14 „ UJ"*^ 1 .g'i^ l ' i ^ (3 

: Ai IS&ll ^jAai^Jjo ^iil ^l-J 

j j ll Al l L “ ll \ -V I g V V ^ ill L m jm\ J “ > y y :1 » S JlC- \ 1 V A (l 

A-)iU-^a Jat (JjiiS Aila-ja 1 g *1*1 1 ^ (2 

4_pl*Jl 4 M J it! ^]Li£V! n . n (3 

; liLLoilal! (“^ 

Ualjjjl UJ^lt .j^a *^jjLaJ-a 4jUjj^ j O^ 4 ^j3 j j-i^^ (1 

ijJJ ISjUiLa 

j diijJ ^ Jjudx^d (2 

. (PP) OAjJJ yAA 1 (M 
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O mlazemna Lx^Jl I^jo^I lju)/ , ^ij0 ftp j0/VcJI ssjji ^-1 





















iju^n ju>/ 


^tUli 1 nirtltgLuo^aJt 




n 




C4 3 / 

X=C 


H 


H 


-H 




„ (j^a ^uS 3JC. ^bskjt ojJjJaaJ ^JJ 

i.J' 

ch 3 H 


W 3 - 


J 


V 


c=c 

H H 




n 


okxx 




dVjjfr CH 3 iVVl JaJ^JJ 4-iL«Jl ^j£j ^j£Loj 


Chk \ / ^ H CH 


H 


. x , ., - ■ ^Ha \ / H ni-h \ / H 

cVc^ + w ■ V 


r CHa f-| CHa H CHa |-| -N 

I I I I I 
4-^ C — C — C — C — C — C ~-' J 


v 


ill!!! 

H H H H H H 


J 


v -J (Jjl La /i_>*L 


^iil£ll ^LlLlli ^ “ 2 4J^_u! “ j 

<s ^\jli -4 i -3 

i_UjUVlj L-jLslIVIj A_uiajl l) a8 M j hi ”6 4jjLloj£]1 S\ 3-all j a jl ^jLb *5 

: (PVC) ufeUll ^jjlS (-^ 

L*S (Jjiijlill ^ja LJ yjj* ? * -sm 


r 


n 




Cl 


^ / 
,c=c 

H "^H 




r 


VD*- 


j 


H Cl ^ 


n 

c=c 

H li 


J 


n 


. tj-ajLu&i. J C )lj.^fl La /(JX 


obxJl 


LjjUI n.f-1 ^ jrfVtJ.mj (2 B ^Jjajll (^ 

, ^LaII ^a jlia (4 h -LajlLa j AjLLs (3 

„ Ajjla-oll l aLiLhaIIj Clll jLlJuJt Ac.ll*-a JjiuLIijjJ (5 
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@ j) O mlazemna LJI IjuV&o £« xj/UoM <±jji£>-1 
























Ju«VI JU> / 


^LaJl (-AuaJJgUfc^ntl JiMftifilltt UU^k4 


A4jL*J_jVI djUL^iJl .wl S jJjX a J^dr~N 'l 


: (PS) uLW 1 ^ 0 



? jjJJ^ (^J^L 


uL j (JlilijL-fl lx / ^jjj 


^Lt^aOJ 4-JiL-ta ojlx { ^ 
iftljilt j ,jjaLaiilS l^Lajlix j Ifl . ffl <Uj^_uj £T 
^d_L-eall ^ \cd Sf \ <C,Lii-=a (JL* * i n 1 (j^V 

jL^aail dj\jjla>> j A-il jlxll jV I ^k ^ £ 


? J 't ^jx [Jhllsll <c.llk-a ^aJJ ■_Ld / (JJJ 


l i^jl av. j ^*1^J1 J*^ V j ^jjSj j (jx aUc-IIi-^ /jr 

W Sjl^pi] ixjlLJl Aixl_L-a AJLotJl. ul fJJ tillilj . JxlAiS 30 % i JJT* ^ J^W £4^ Jt4 


: (uj^) o^ 1 jjj^ 1 y^Wj t^_w 


(- 


(jic _>ajjili CjliJi -LuIjS <ii3jjj c=C Utf^' JJJ^ yrdj J^y i>® e J i l > *~ > '' ^ 

■ , 

325 C° ej'ja. jiiuij j JtUoii 3JUS jjjlSI Jjla (jjjjill Ajaj]j ^jlc. “Ujjia 4 ' 1 ^ 11 1 J^ 1 

'$ ^jUL* (jjSjj ■ *-»■ L»..» (jt “V (3^3^ jIjxILs i.1^ (j'i-ti*!’ifl ^l 5"'-x i (3*1** aJ (jij 

¥ dll °i lL a / 

4-dajxxll ^ (JxjlIuij (2 4_uLuuSil Jjxll j Sjl S-liJLuJl AIa jlix 

SjljzJl 4^0jLLall (jX^Ull 4c,liLXl ^k J XTM . nj (4 ^4=^^ ^iUsa ^ Jx*laU (3 
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@ i O rnlazemna LjuJL IsiOtfol Ijbo/^Lo jo X)/Ua)l t±Jji£>l 



















Vl JU> / laiaU cUu^JI j*<yi)l ^ 


? A^LkJaV^ dll ^3 dOll^Vl J 4^Luu]l A^h. jl L<j / 


■ <iijia J -U*aLJl J jSdlL <$jLulLq CliljjijlSjjJyA L$jlia^ <jL^H £ ^ 

J ^lL i ^ ( jjiu'yij (jJ^jja^Jl 0ji ^ U£ jjjj£]| die. 3-o^iJI diia. (j-4 L ^ Y 

^ JjuaJI 4iL*. JjjjUI! -iJjjlS ^ Ud Jji* 

diti^Vl 1-M l „ U l ajfl C jjliULi jjliil dl j^J UJ^JJ ^3 " ^ ^ j.Num'i j ^Jj^jjlliuill 

. 4^ mil ^jSjUn^blt dlli-a 



? 4_tLa^L V 1 g *h l l& ^JJ du£ j V £ ~nllCi\1 1 La /(J 4 I 

^-iSl£lllj Sj*Llt /jr 
(jjljjjll JJ 1 "' tAfc> i (jjLUil) (^Ji A . jiVW -W»JJ 
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@ Q O mlazemna buJI \^ajz>\ ILo/^Lo £« xyUall <w>£>l 























































j*U)l ^uAtfJI uUmBiA 


JS (j& m J Jgl J ^ J(J^ /l>“ 

? ^gJVLfljLi^l Laj 

jjitui (o^ j' ^jji^) c^ (Nylone) ^ tjjSi j ^jjLSh j-aJjj Jjt /^ 

Jjj\ 3Jj J jajjaII -Ljjjjj b jil ^jJoli <D jAXa j <^jjiaJ UfcJ*l ^ J*?» * L>* 

. JjJ CJJ^* * U 

b JuLaVI ^*~- j A< ^ * (jjLLilt < L J k i ’ ■ 4 -lajl jll JO'S 4 v' l j 


F 


H O 0 

I I! II 

(n H - N - CH 2 ) 6 - N- H + nHo-C - (CH 2 ), - C - OH 
Otfll ^ LJjiul j-'i— ■^Vs-' 1 " 1 


H H O 

I I . . II 


.1N-(CH 2 ) 6 -N-C- ( 

66 

;ch 2 ) 4 - cjl „ •> 

ClA u -’ 

- nH z o 





? (66 uj^U) 0 ^ fc ^x> ^^ /u* 1 


e,Lall ^ ■ ^'' ■"' j^lc- ** "Os ( ' 

1 1 4_uuiLi]t A JUW I (^3 jJ. o . T*i l .n ( ^ 

Cj^iUsMill j i. sA-A j-jALS. AjijliLttll 4-C.'*'■'"! ^3 L J,a. T _l k< u (A 

^-idL^oll (Jjij l^J J ilijl jlall (^jj-nV! (j^alaJl v— (j* <—iVVt (_£ >^au *—L^J : 1 ^ U l jj^ 

ejjiLlI Juc. 4^'njVl jjJaLa^Vl {j-a pLall J ^Jajljlt 


H H O li H O 


N-C-C-OH+N-C-C-OH 

II II 

H Ri H R 2 


H H O H HO 

I ( II I I II- 

N-C-C-N-C-C 

I I 

Ri Ri 


+ H 2 O 
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mlazemna Ij^Jl I^jo^I IXjO/-&o ftp jO/VcJI qljji^-1 





















. L_sul£lH CjjjpaJjj J^_il (ja jA J (PET) AJliia JJJ (jjljjl g^Jjj (JLj gJij : cljljlujl 


0 


0 


Ho - C -(o)- C - OH + Ho - CH 2 - CH 2 - OH 


o 


o 


Ho - C -(o)- C - 0 - CH 2 - CH 2 - OH + H 2 0 

(jjlljajij jolijl 

AjjIiujV' ^jA Lll|jjiuii (ji SjjiAji Lj).i*.j]i lJjU *Nj S^jlLil 'LiLcsU f, Lo C^j'J* 

. aLaA j <L_jlxJ! ClAj ; L lalt ^^jUS j ggi Cj1_>1uiI JjA) (JakILuijj . 

jjA SjJ^-a S-laj qa ukN JaUa^Jl (jjSjj t<? C.liua]l JaLLalL j.vkll JalL-Jl 


n 


H 


CH 3 

X X 

.C=C JH 

H ''"C=C ^ 

H ^ ^ 


auiutf' 


H 


-1 

SJLjal 




CH 2 - CH 2 CHz'^ 

X X / 

^c=c c=c 

ch 3 c X 


H 


J 


n 


4shjal CIAjaJija (JjSill iaUa-Jll Lol 


_ Ijs Lu^all j ^JbXlIaJ) ^kA\ 1 ~la\\ - " 'll Q ; i ]-> i La j ^j-a 

I /g L Lt'^Ji ^ pU!AJ LLh .* ^ * A \ X , t a Jjc, a *U .N j A \ i \5 ^ 


« ^J)l j ^C-U JaLi^it ^LAi-aJ tSlJii j ^Uaa_j 


(* 

(V 


. ^\A\ ■3aUa.aH ^ Cjj>jSSI ljLJsl 

^-i^isJU Jailn^ll ^Jl djJ^JiSil 4 M i-xl 4 ^^OjuU Xjj^ j XiL—a toLa ^il ^X_ 

cJ^LS JaLLuall !>, J kUI-J j Cjl^i Jl>L^ <_J*a SjfjUkllail U t U^H l~»\ a! *.ifi 4_iLoC- XiSJiil ^ £ 

i—lljl U n\\ ClljjUal j 4-Ual Kail l ^ h jUV I ^£. t"u^ ^_A (JLojlLljj^LI 

? C^aU UAaSjllt <_u£l j^jji 


K 


CH 3 

X X 

.C=C 

H ^C< 

H H 


,H 


H Cl 

X X 


c=c 


H 


X 


H 


^C=C" 

H^ 


Oi>i.lJi 


,T 


U^^JSW JJ.3& “2 
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3 mlazemna Li^Jl I^o^dI IXjo/-^jO ft& jO/V^! 

















t JU? / duel 


l&oU *LMu£a)l ^hbfrlhJt LHmSM 


tjjjaLuil| JtaxJ| ctiliiif J^ln. 

. Lou* a *%}*. i^i ti -LA^fi jaj : 1-6 

^)JC* ^ jjl^ii. n^ yW 'nij jl 4 a 1I ^jja B i 

(uj^ 1 ) Jjlul jjjla y-tUj -M 


LAi* JjJ^ CJ^ JJJ^ yA^ 


cijUjUJi ^jjjK 


^Lq L_jalxJi ^j^Suj ~^~r~ 


yA?A' "‘-r 


tPi* JJJ 1 ^ 

b i inKMI Jtlaj i)yj± m 2 

i^ajCr ^ (J jQ y -£ 

m k \^MA \ Ajjuc, Ji^il Ljlji i nj -LiMlI C11 1 j jaAt ^ b 3 

dyj^jJy 1 -' 

uy^j# -3 , JA* -2 -£ 


-■* 


du^jSJl CA^i j-* ^jijau La-lot- 


Ji.ljiLa lai \ Jajl jjj -Ui 



>-^ l i - ^ ■ ■ i ~ - 


U}JjA*“ JjJ -V 


4 om| 




1 g - A* -. Jjja (jl 

tjjLli-1 


uAjA~ J Q$jJi-£ 

<JUll CllUjJjlSjjil^ll i$\ m 6 

C 2 H 6 -m CH 4 ~i 

C 4 H 10 -^ 


C 3 H 6 -e 


CAliUill jjia. J^la. {j ^Aj tjl 


_Ljd^ w 7 

-LaLu A±Ll\ gJJJj 


J*Aj j i>i<: >u 


<LaL-u *UJ^1 UjSj -UJ 


jujjlII tfi *0S_iiLa u^^LaII b 8 
{JlxlL.o!>U 1-ia. <3^ "! 

_^ 

-LaL^ ^ji Uj£* ci^=^ -j 
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^ mlazemna lj^J[ I^jo^jI IXo/^Lo xj/V^cJI 












JU> / JlOfit 


laiaU $L&t£aJt 


aj> A ^L^VI ha.i.^.A ^Jj 4 

■■ * ” " V 

wiJwjil h lj UjI^ cliAjli ^ 

jiLill g g laaJ I 

; A-ijA^ax]! djilelilll (_pa*jj l^-da* i -Wajj dja*jua] 1 dilA^jJl jj-a AAe ^ i V\i 'n njjj^ diLiaj^. # ]0 




<—il^aJjja -1 

4 l4j h j Cite 


A jljh I ^1 A V l “ ^ 

4_I ojjac. dj*Ac.lAj x^aJj-1 3 u L^.l_m.i iiifijS a jii ^ dUw j UlU l> Cf' .11 

dllj^ul JJjjfLlA-^T 1 I dll )AJ -I 

A-lid* 4e^)iU 

dl l ^j jSol <_j Jh>iCV dji^C-Lsu ^jAaXAJ \ g l.^t i JaJjjA ^^jj 1 ! S^JXA-tail d-lljl^k^ll M 12 


4 qVi^fc *v yj£j £j^ L r Jl 9^‘ , ‘ L r J 


_<^jLilLa L jj£j ijl ^ J> L j “1 


4^_iLi2* [jl (j^j -jr 


lg,j die (3^3^ djtuj^- y 'r- 


,4-iLlAJI Cj|^)au1 jA\ a ] 3 
*L -i diLLi^T^ Lg-1 “ ^ 


mlazemna.com^ 


bua (‘>——1) jf (i) -Cl 


lg.il ^»ij Air. Ig K.d !^qU’‘' -v_j 




w K5kjLuu4 4_1 ojJ^j^I djl jj ".3 jp.3 p "| ^ 

la iijii j£c* - 
Ajjjl^. (Jjh*j3Ljj IgJ 


p £ jjLadaJl lLAaj^^Ai 4 ^djldj JSdiJ Jail^La ^A m \ 5 

I fl il^w oij Jue lfl-Jaa-J l al-^Uj ^Vl J\ 

1 g ni i >n die IdLa* l^jdaxA |jt ' g V\^ CjUjJL ^A ^UJsuie 


3>uu3LkiU 1 g - jj Jaju^jj 


aI^-oaI^JIj 4 11 dj 1 ^ji-ajJ^iii “4—j 


A j.iA^nl ^ A j if~. Jj ill ^jU .16 

Ljl^. iLiiitj Ujl^. iydli jao 4j^u,i.n3bii -I 
__ ^al^l l 


<■ ft^ l. S . 1 11 ^jldoVl dll J-ojJ^j 
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O mlazemna Lx^Jl IsjO^I lju)/ , ^ijO g& jO/VcJI ssjji^-1 

































jMrfiifctti milgLj.fl.gaJt ju4mtl UU^bO 


A iM 4-lajl^) LgJ j^llt djl Jjttj Jjall ^i*4iLja iuaUjai (Jc-LflJ jvli* ^jjj5u 4 y?i ,1 7 

f 11 

lJbjISj jj\-i 1 ASLhrfJ ^a-iij4 -i 

^£jLiu {J$ull Jajl^LA jaAjA -J £ j£!a 

» 1 jj3 dl^ldj dd^Lij CjI^^jjjaII Jajl^i t 43Ldai J&l£ .18 

4 ah^ A 4 J i" Ag. J * -t _ i 4jjulUj djLc.^ 


4_ijUj Jajl j j 


l djl -l-j 


- UU^J* O* 4 i'lTi dil .19 

4ALda^l -I 

4^^ilLaJl 


JAXJ 1^...m-I ^-al^La]l dllilj^Jl (jjSj ,20 



- - 

4 Lalj£il ^gilc LS-^^ ~ k “H 

L J 



< s \\\ ttiTlA l J£Jd Jajl^La -1 

4 jIjS ]1 -tt 



: lSI^ : 2-6 

m 

4 i J 1 

dij\j nlffll W Vioti -1 


mn\l Jut V /jr 


. 4iuJaVl V "2 

^al ji Vj <43 (jJliJ CH 2 ^1] ^Jildad <^£1 A. r.yX* jaL a j^a I dlU& jl < . ^J /£ 

4uiJ 

■ ■** 


U jlja. duL jg dlljjjJ AJLL-did -3 

. Ljlja. CxjIjII jab JajIjJI Jf UJ^' “j'j 3 " U$ /C 

^clJ^ jjjSlil v J&UjI SA^Jj AjiJaj 4 .CJ>^>a jA 153^ ^ ~4 

^ ji & <_ajl£ili J&lill Jj-Sfl S^U=J1 ad^lj A. rtjh j ^x-jjq^a UiJik: AjV /£r 

J&liall ^ jlj^ilujiU ^ulill ^ dAc. j*i-y a 
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mlazemna lj^J[ I^jo^liI IXjO/-&o ftp jO/VcJI quj^-1 





















JU> / jLw'ii 




J^llavL.H <xa£Jl ^jA ^jjh ^Jl ^jg-L-aia ^ Ji^^ ^ajlSjJI "5 

- - T^l 

■ ■’’' La^JC (J^j-i! JSLAj \ ‘ >■» 1 (JjS *_ ( _jJIj jiLaVl Admail alii Jij J)jj / ^ 

»ljc aIj^-uij (jV jiVl (j-a i--''-l;J)--^I ^Laj iJajijLjj (_5jj^j AC-jiLall LjI^<u1_jjSI Lajjj .AcjilLail 

. lg ,). 1 . 4 . a . O 


. j^C-Lu^iIl JaUaoll ^>a (jlcl »~~iit jjSii*!) l-il 3-ioil iJa^j -6 


jaJjJ a1*AJ Uu> (jj^yjjjl djUjJva. (jjj AJsJ.lis alu_jj£3l CjI ji (^jlc jjSlLcill JaUaaiil <_SjIau / £ 

m (jJc-1 1 " tl •> _J-i ^^Ic. iiftj SjljaJI ^jLlaa _)JC- t^LLiiia 


A-jC. li.x ji A^ut-uia AjUjjI djl^AlJ_alll - Q '- ^ • 3~6 


. gr*^ 3 /£ 

. J*£ji /£ 

. if*-*£* j*£j! /£ 
- t^^- 3 / Z 

■ LS^^- 3 /z 


. j j\?l. uu ^ "1 
. Jj^-j “2 
. -3 

. Ur ^JJi " 5 


mlazemna.comi 


„ JaiiUll Ju j 4£] ^UJl u_u£ jUl ja^jt ; 4"6 


n 

r 

H Cl 

W 

L h/ n h ^ 

/£ 

_ JtJialill a^&lJl jjc-lflj l \fi*\ ; 5”6 

/ H N / Cl X 

Sj&Lua Aalj& 

/c 

H Cl 

/ 1 1 \ 

1 

* 

O 

II 

c 

- ^ 

Sjba 

\ 1 1 n/ 
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H H 


© j| nilazemna Iji^Jl 19^0^)! IXo/^Lo ftp jO/'V/JI qljji ^-1 






















jAiaJI iji i filt i\jju£a)\ UU^M 


A '» jL jl A 'i. l~* il ^.l cljjjj jj!.! ajjaLua aJlLa (_jjl C m i jjjlsj]' ; 6“ 6 

(j\ Jjj-aj ja La* LlilL>* jA' J_A^ i—(ji (^1 J^-jW /£ 

jj ~1 < V <jl jC ^ jailJill life (Jxaj 11* J Lg-*^a (Jc-liHlj jjJjt^ll 4li_aL.il ^1 ^jUaijS ja 

jM-alji jJj£j jjli Ji-ai V .J J=U' J-aij*Jl JSlla Vj (ji jla.hU <*jl-La ^_UjJjI£j jjlill C±£ja) 

. £« 

lal i-^NM CjIjaJjj t jAjj*ll t 4 jjijUl 4 <jSIall ; La *-jjc. ; 7 ~6 

SjU^all polyisoprene oijtjji' lAjA' ^4t> u£ : (vulcanization) /£ 

Lllijj £_a illljjjaJi ei* jj*> ml jil i N . W . i <^lll 

i^iUua ^ cijUs i$ j Liiii ujl^j-ail <?.jj jiiinV Jj&Jali illj-Jjj: (plastics) 

4 _j£j 2 iji^jL jl j-a lihJ jjAUJj aj.j-ai* ill aliill SjJjS jialjfci gp9 (J aal ia ) 4—UA j 1 
Jl* (j*ijaJi) Sji*j-ail CjUujaJl ja jiS J.1C- JaLiijl j-a jj^u ^kla e-^ja. ; (polymer) 

. u^i 

j^ijJi j& jAuSfli (jaLjj ) <io j.,4 jjic Isjjjj j) j** 4 -® *<£ _> : (monomer) 

- ljA^ 

cjUjji. j* lii. juu£ asc. liU^i -us ^ ^ll^ J*Laj: (addition polymerization) <*Vi=V^ 

liL^a) Jla jailjill j*j 4 jilatj ^a_iJa AsJj ja_ jj^ (jajjo ) 

. jJjji aj j> jjSU VlaaJ jAh^I 

4*vW (j!3i Jc-liol) ji La iLa 1 L)^jA -1-3 -W j J^ ( I 8 - 6 

L iSt^Hl Jc-lil / ^ 

. 4_la J]ai jl {5ji> (^iLu (>« ^aLlaVl J&lij ijy J* : 9 - 6 

. t> -Vji / £ 
j-**ii j-al j-i IaIL J -■'j jijUl dj^liiil La ; 10“6 

<_ c^ljo jJclsjj iiiLJaj Jc-laii /^ 
: jJiSi gljiVi j* J^' v J Jjj* 11 LW : 11-6 
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mlazemna Iji^Jl I^jo^I liLOZ-^Lo ftp jO/VcJI quji ^-1 




















/E 


CPE 

LDPE 

HOPE 




m <£jUalU 

B Ll-sIjj (Jslj ^ ^ ClAiija* cs^ - 

AjJhA. {£ S'**' 

m 4 


„ JsLLmJJ wJuSjill ^jC l .ftfcVj liLaJ - 12”6 

- LS* UlM' <t>4a-4 Ja-4 JjK Sjj jyjJjiill I^J^i /jT 

, l'KjU jji 4 iM jji tilj^jliLaSft | >i'iVii nj (jt (jS^j Ja ; 13“6 


(JF 3 LfcW 


^j,;V- J\ flW' <_Jl!1£j]( iIjIjaJjJj 4 bA^Ij 4.g. y-'vj (J ic- ,^_§ j"' ~~ J <iV 4 ilS / £- 


^jJUUJLUM Ji\ iujJil J+U ^ Jj JlJ jjj JUI JujJtt! »jjs jt 
^AJ iU*tf I « 4 ^ 2 u»y> ^ iV ^>*»*>l *-ujJu ^ SjUI 
3 Jtti jtj jm JJ ,>. jaUI Jua^Utj juiiiu 3u*t> 

>. JLLtfl 4 *~Ui uU»U 

1 . ^ . . A & ,t t 



mlazemna.coi 
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@ >© mlazemna LuJl l^oi*>l IXty&O £0 xy^UM CyA 2 *l 














j«U)l 0*U 


gjLuJ| j£^J| 

<LJL>9jU| c!ili9Jjl£>9j!UifcJ| 

Aromatic Hydrocarbons 


Y &AjI La j F 4 —U-fljS /(Jju 


. S*L^Vl jlfi' c> 1825 ^ J* (jr^ 0 * dj' /£ 

^ IflfoLul -alL 0 J 4 j£ CiLkaS Aj) j ^Q jluAfl ^ 2 kiJt (jl jiaB jJJJtJ 4 - 1 ^J^Jt ^j 3 (>a J 


V iwllSjjit La /^ 


4^J^lla A_LluI.Ajjj 4.0.W {JS-i Jit ^uaxJl Lgj JaxJi t* “^j- 0 ^ t> uu^' /^ 

; JSJili jji U£ o^jslali £* 4-a. jjJ aH i—jjljjj Jjjs. Sjjj jjjj£ S ji 


7 

U ^\ 

"“T f 

H /C ^'C /CX H 

H 

m 


H H — 


If 


V 

/ c % 


H 


h /C Y Cx h 

(21 


V 

H r /Cx r 

H_ f o f 

h^N. 

H 

(3) 


H 


Lilayfc L ". 1^*1 J V ^ SJ^J' pi? i *j& / (j-o 


„ Vuj' jM ^UJI ^ jj31 1865 /^ 



^ 4a.j^j^a Sj^=a1 -i^.j5 ^£^11 (jlS-a3l ^ ^ d^*-^ aJS^*i 

- ji-Vl tj^“^ C5^ 
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©oo mlazemna LuJl l^tf£)[ W&O iO/’^Loll ?±J>£>I 






















uaUI i jinil f.iuu£ai\ jilfln lit LU^SA 


C b H e ^j\ 0 ?" AsLii-a j& AjliJj As 1 ^. Aj-oj!, 1 ui AflLv j 5 -ti £jLc j 5 -ii 3 

4_i3 0 ~ 0 Jft cJ.J-^tj t t ^ji AliiLalLa djl^jp. i.litti jj AJbLalLi _J^ ^^ "\} 

£ wk jJ: ^Wiji (_JjjJa _? JjJb ^jJJ -Islsjoj aX^. v >i^iS Aj j L ^ u ^ a 

Y A nl 'ai( i Ua ) (jllji ^ ^ j V JjjiJl AjL-<al-ikJi L ' ^ ^ Lo / ^J-u 

/E 

jA-^aljVl ^t-LiiV AaUisil Cjvl&Uj JjifcJlli J) Juai (^J^A Jkiiit jA t ■ Aj jl jik^Vt ( ^ 

j^jjj ^Uj - 2*1 jj^ul ojo^ ^ ^ 

AaLjal ^j^Li j **> ^jLluSa 




-> NclR 


■ HW^ Sxajj^ ^^15 ^a Ls£ J&Llm a^luiJ Lji JjV ^j^It ^ iJclsua UiJuc* (jjjlJl AJU*. 

ii Br 


© 


+ Br, / FeBr, 


»(°)* 


HBr 


isLJat Jc-LlJ jjjui J \ll> j ) ^ysJjnA (jc.LSj ^jjjSiia 

: Resonance Energy lw^jju 1 ' (^ 

11 l i£l$ U Lo Ii* j aILUI j-tij ^Uaj S Il (Jc.Lal!i jj£ 

Jj- J£I 120 KJ u J&A 13Ja 


o-^o + 4iUa Heat = 120 KJ \ mole 


45*1* ^JJjjSA 


240 KJ / mole IaIj.iL* 4aUa (JjIjLuSa 3 j 1 4 ^jja ^-a* 
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@ j) O mlazemna LjjJl Ij^jI Ijbo/^Lo £0 xvUaH t±Jji£>l 











^aLjsii uboJQ f\j*j£aS\ 


^jJp^rfSii Oj^^J ijllo ^g-3 i Hmtt j j^jJj^iS^Jl 4iUa C Qt . >\ (jjSdS 

2H 2 


0^0 + Heat = 232 KJ \ mole 


(jjLwS* ^Uj 3 j 1 

i iLaaJst Aj>1j ijj^j ''J [jSi j AjiLa lillLi j i. <1»i «->l Aj^j (j__jSj jjj^iiil Alta. ^gk Lai 

aSLUI 

0 3H2 + Heat = 208 KJ \ mole 

aiA J 1 5 2 KJ / mole t/J^! ^ J*01 Ailkll AaiSj qj jiJl SjjaJ-lt Ai'JJ! Ajua j Jill (jt j 

. cA^jjO' 


c-c 

1.54 A 0 


: U3fJ^ “ Oj*J^ j' 0.0*' (^ 

0 Jj-dV 1 J_jia jjc. <■■ Jjia SJrt^iU 


c=c 

Aj± 

1.34 A 0 


C-C 


OjjO' ^ 

1.40 A 0 


V £±Lall ,-l lA’ill l i.u^. 1 ^ a. 11 jjjjLii' CjlilLaai aIIloI JaC-1 /1_}“ 

— 

. Aj.lLa.1 C.'IKjJI (1 


d) 

60** jo** 1 * 


i> 

60** 3J3& 


d 

60** J* 3 * 
(oajO*) 


Br 

& 


00** >*JJ* 


OH 


(& 


60 ** 

(J **) 


CH 2 Ch 3 

d 

6*04* J**1 


d 

60** 6W 
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j| C& rnlazemna Ij^Jl l^^oisol IXo/^Lo ftp xj/'V^cJI 

















Br 





i <ijUu d.r'j£ jaII (2 



Ortho A,# 1 j>*i«j 

meta u** j x o* 2 
para OW j x t> 3 ^j^is 
x (> 4 


C! 



N0 2 


OiA 


Cl 



miazemna. 


jl Cajk <#* jj3jU 3‘1 


C! 



N0 2 


J l 0*A juj& jjV 'jW 
o*>* jA j jj& yj-t 

Ci 

ter 1 

J 1 Oijk J*JJi J-A 2‘1 


jl ilWLW jJ^-* 

JLwa jjijUUu* 


J* >»X# J J A Aj' 

j j A >»ju; Aj* 


; ^WaJj*-lII aJLlALa lIAj£^o]I ^3 

j Qu&jA^a fjA jjSI (JjSj llLl* jl Ijb jl jjjjl ^\Kn*xa V 

. iaifl j JaSfl 4 > iuA:?jl <La.jjail 4-wil ^jj£3 


CooNa 



+ NaOH 


? AjLjJa joSL laC'Uj-a 


/o* 




80 


W- eg) 


+ Co, 




U)J-“ 


134 

© UO mlazemna Ij^Jl l^x&A Iju^^o ftp jO/VcJI ssjji ^-1 











JU> / jliuwVi jljUfirl 


uuoiJ ^Luo^sJI 





u*>v 


ily_>M' 


u *a1t j j 1 


OH 

(sd 

+ Zn-dust 
dlSjll jW* 

a , ( 6 ) 

so c° ><r 

/* 

JAA 




SO3H 



/M 

@ 

+ H 2 So 4 

* S * 

<■ A 

---► (^O) + ^ z ^° 4 

* + * 


cA 3 -*^ 


UU-* 


iiluj^iLw 






; {jjjiJI i—I a jLuc-U 4 jjVI iS ^11 ^LojojI i ^ n^t 

; 1-7 


CH 2 -CH 2 -CH 3 CH 3 

t°) (&) 

(jjjjj Jjjjjj (udj^jj) JA* 

F 

<§> 



olA jj-A jjj^ — 3,1 



CH 3 

ut*jA JA* - 4,1 


; djUSjJl ‘ ; 2-7 


ch 3 



(jjjjj JjI* — 2,1 


Br 



Br 


u* jA >° jj^ — 4,1 
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l£^ ^3^ UkJL \&x&>\ LX^/^Lo ftp JO/VcJI SiJJ^-1 














U*aU t U fci fa i! JMfcwlI 


V ^Jtl^ilil AjjIj jJflil Jdl jjiLlI La / ^_j-u 


(JjLul 

0 


JU^LiVI 

(V 


o^jsui A-i^jjbc. <1 

r 


>Lwi 

c* 


5 C° e^La^ut a^jj j 80 C° ajLJo a_^. jji 

<* 


*Ull 4iL& l>° JSI a^sISS 

0 


CJjjJjJI j AJji ^*Jil Jilaal! L_Jjia 

(v 

? LjjjpjH La f \Jy* 


>all tiL ) JSj j.l^JI (jrtiftl ijl a )S jaII IjaILj jjIjj V jflJjjtA ;jdJ)iuil u£ ( \ 

4sUa £j 4 j £-LLuj 1 r 1 #^ {T 


2C 6 H 6 + 150 z -► 12 Co 2 + 6H 2 o + ^ 










o*> 

B 



LfcLW J-JLy 


+ HBr 


jjSSSI iaLjal (r 


<*. ( i 


^jaJ*ll (O 
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SO 9 mlazemna IjyJI I s^)l IfctfU* .o/VLoJl ^1 























JU> / iUfil 


^0*11 jMlatl OutU cU^aJI 


H 


& 


H 


H 


So 3 H 


S 02 

+ HO — SO,H .. . - -. * 


tilxujjSJI (jjaaLa. 


(Ol + h ; 


fa 


+ HNO, 


H2S04 


(e> 


+ R -X 


AIXs 


N 0 2 

(O) + h 2 o 

OiJ+i 

R 

-* (O) + HX 


H 


Cm + r - c - ci 


R-C=0 


AICI 3 


■> [o1 + HCI 


O _ u^d^t 


<l&LA\ ""l 


■j^ill (V 


(4&1\) CiIjS (A 




dLijjlS CH^CI CjBIjS — (JdU^jS AiSl\ t_u£l ; \~T i_P^ 

V g&jlit u-AjaII ^Cu ^aJ ^&Luut l ttlrfcJt 


H 

01 + 


CH: 


CH 3 CI 



+ HCI 


? ^jUll L-lS^ysJI |Ljjj t — 1 illuil 1 . n^l ; 2-7 {J-^ 4 



o 

11 

+ ch 3 - c - Cl 


ch 3 -c=o 

+ HCI 
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O mlazemna Lx^Jl I^jq^I Iju^^o f&o jO/VcJI ssjji ^-1 














^JUuVi JU> / jUaI 


.Inti «LMo£aJ! 

jtojjj diiiuj 

? gU-ii nnll ^ /\~7 j* 

dCA 01510] AjjO C^'jJ L^J <JjjC=Ul] 1 OUij^li <^1*^ yjjblJjS/l 0 s /E 

AjSLajjVt jl ^ ijU^U ot £ jA\ ^J\ \£ J^Ual OLij-ait 

^\r-_ J OUijAll fO jj£ ^ij^ U OpU^ J ^^Aat-all LfcLltja <-p-Oll fiO O-iai jSJj 

m,»U oLij-U1 j 4 j\ VIOj jjjiJI J-Ojj <JUtil U jl j£lJj 1$jLu g-i Oj* £4^1 l>* 

j jJUiill JU 4 <JUtillj ^.-jjj jlli 4jiU jA Aj 

? oUjjjlijjjafrll jji-orfi jA La /2-7 

JjV A-Ad J^aaJt (J* ^htjU jJUtll jila ^All J* ^OLajjSfl ujSja Jjl /J7 

, &£■ uJaV I jlc, j-a ^ 1825 & _>* 

Ujjult OUjJjSjj.V3g,'l Lja L^Luj Ala SjO OUaS u! ^ 1 O^J-^ ' J-^-“ pOll 




? LjjjUjjj 1 n>ft JJjlAt Jfi*J ULal /3-7 JU 


4p._jljA 5 Ji-at ^oJt jlOll gi Ail Clip. _ Lr OUj jjlt jJ / £ 


^ lr-_ J-^.g jl l 11 ~i l \ q j ^ Jilu ^-lr_ l --^v - jjjt-aii lit iiT- ^ b-ijala ajjb-ai Cp-jjp jl ji-aJ t rAUi 

J_jiij a-ljOll ojjm«YI JjAa JjU Jsuaj jj&J AjjLHaj ^JEUl* J..>JjL^ “U.J^ J^at Cua 



? i *_iOa jp jjjjLijji^S jjjiAl tilLiu /4-7 ji2 


(Jc.lii L&i*j ^pLajjVl ^Llaj Aj^j^LaCi -kaLa^j lo jp jjjjlijjiii^i jjjiJI uj / ^ 

; JIa J-P-jIIa &jAj jl^jj^Jl Ol jA {Jl \nmU A_pA^Jl J-l* (Jl. ^jli 


. FeBr 3 ji FeCI 3 l&« seL** (Br ? J> Cl 2 t 1 < ^ & ^) 


H ci 



138 

© ij mlazemna Ij^Jl lloZ-^Lo ftp jO/VcJI s^jj^-1 







































(fll H 1 it It C\ j ifl I ^ ltl a :t A .■ Jt r < v' 

■■"■■*» ^ **"■*“*» 1 ^MnMMWF MMMMW 


v_ujj Laj VbliUjSiVtj Cl)Ljl£lVt ^jc. Aj^Lc-Uj ^ ,jj^ii]l jaaj <■ / S"7 

((_yiil_i) SjAbli ■■ ^\<-‘^ ‘iSc'Uu CjUISU^I i^S^luj ‘'Q /'T 

.. .vC ./' i—il-uSlV^ ■ , ~AI '.‘ \j j Lo5i cjjUJl (JljpjJl _^£o UaS (Jl s * > V| -'^ Jtlij JIaJ 


i^-Wj (<^j-ifrli Jo- Sj^V! (^Jl 



H H 


^!i jU-^il 


ulw <&*A\ cjI^jjjV' ^ U /6 -7 (> 


no 2 

JL 


NO, 

i 


no 2 


v- 


V 1 

I 

I. 


i 

/ 


Cl 



c ' , , , , , 

“4*1 ^jljjJ3 ^jjjjU -3d 


- 2 *1 




* UL>^' J ur*^' U^' U£* t -**£ /7-7 l>“ 

aJ tjcrlali ^jj 

Hr Jujj j^]£J AiLiJal 

“2 J 1 UJU^ 

^jjjjjJI Jc-lala V 1[ a \d ^jL^a j^aj^j 

^ r B t_ijjiall unij O^j UK 
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© j) O mlazemna LjjJl l^xXtful buy&o £« Xj/Uxdl t±jji£>l 




























t JU> / AUmVI 


uiu&U g lu^l ) UkimSrf 


\ [Jc^liiS A-uLwo^JI iT-iVjJ * a'I i, n^l /%~Y l)“ 

Cl 2 / Fecl 3 /' 
CH 3 CH 2 CI / Alcl 3 /v 
CH 3 C 0 CI / Alclj /{: 




O 

// AICI 3 
+ CHiC—Cl -► 


+ HC1 


0 

c—CH, 


Fed, 

+ CI 2 - 


+ HC1 


HO 


mlazemna Lx^Jl I^jo^I IXjo/-&o f&o jO/VcJI ssjji^-1 







































uAhaJU ; L» < ^>t t jiU4nJI UUrafe^ 


; AjjV 1 ^jlu /9-7 c>j 


Br Br Cl I 



Jy&jJiAl - 2 J_A£ ” 4 


uiUaJI 6j4j£ 

jrtijJU lAJUbUU ,jUI 2C«^Ui jmAJ ^A bU»U jrU dkU jt 

^A£ jLwVI ^A ^u> ^ d^UI 

<bUt ^jJw« Jj3 ^ j^LtA,\ JUibbUlj fe u iuA J Ul> 

^ 2LLrtl 2bu*tfl ulbU 

a A ,fit t , A 

f^pflv F lRMMrr 
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mlazemna IJ14JI I^jO^I IXjo/-&o ga jo/VoJI ssjji^-1 

























•iJU«SyU>/ jthaLxH uloJJ gLu^ail t ;—y*hfe# 



; AjjVI dlLSj-ail jl / 10 “ 7 LJ* 2 
JijW JJJ^ ' 


lhj" iJJ 1 ® -3*1 (* 



Cl 


Uij* J^Ji “2‘1 (^ 


Br 


mlazemna. 



Cl 

so 3 h 



LtfJV JJJ& 1 J4 (~ 


diu jiioJl ,; ^uU l-LlA ( 0 


Br 


cawu-. -H 
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©GO mlazemna LuJl I W^o gu) iO/’^LoJI ^±j>£>I 




JU> / I z\J*\ 




: J^l /II-7 ^ 



t 


^HaJI ^jj)£ 

^JJW UJlwm i^JI 3Ujttl j-ii ^JuJjjy^ll ?UjUI»ii £J» 
^A$ ^A £u> iftapaxtt <L*J)JJ ^ diUI 

SaUl^jJu JjAj* jAiwli 

j*4 4Jfc(i>hUI u J Jglj 

, _ ... a *t t 
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l£^ ^3^ |F nl^^^ rnn ^ Iji^Jl \&x&>\ lju)/-&o ftp jo/VcJI qljji^-1 





























































JU* / A&J/dl MJ&i jii*\ L&lt mkdS fcWWUSsJS ^jbtel! I M ^ st% 
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mlazemna h^Jl I^jq^I IXjo/-&o jo/VoJI ssjji^-1 


























































aim 11 g Lu. t £a JI W» 4 u fc Mifc 9 


jL^aiilLt \ g j A-iC-l ^ /I 2*’Z U>“ 

OH 



4jJtiil LUjUSj-all j!ill L_uSI /13 _ 7 


ci 

A 


CHaCH s 


[/ 


CH* 

i 

A, 


B r 


i*a 


'Cl Br 


Br 


a 

0) 

jjjfi -\ju 

( 3 ) 

(2) 

uuV 

tl) 

m 

JllIaII jj j $]£ 

(jj^iilt J&li5 

4 jjo£jj /14-7 uh 


cnla 

CHjCHj 

/E 

A 

,<-xn 

+ rHiPH-ri b 

A 

( ) 

+ HCl 

|^ j 

l, , I t JV - i i. V ■■_ A ► 

J&l ^jK 

j ijjf’y j^j ^ ^ ^ ^AjIac- ^ljLj l t n^ 

\ <jjyS j3 a-^xj j AALiajlS 5JjUcaj / 1 5 ~ 7 L>“ 


V JiaJbil 



outf 
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9 mlazemna li^Jl IjuV&o x}/Vo)l sajji ^-1 














































^JlnVI JU> / uaaU $Lw£ajt «Um 3 ^ 

: ajj^M cjUS>J1 ^Lijjl / 16 “? >* 



Cjy^ ~ 4 — _>* j> — 2 J_A^ JyS^ _^jJ 


u?j&? jj^ 


AjlaLaJt bjLjj2 ! ^L*t (x ) j A.Thj.Tfc.L.^11 3 jLi*Jt ^Lal {\/} *L(jiU> /\7~T [J* 


(/} 2^11 ^ 4> 4^ A^Ull 4>^2! >21 dAJS>21 jfU^ -l 

^ x J A-UllLx^ <$1^ (JS2i ^lc L§»*iaJU ^ ^ )‘i> Q^JjlS d_ll ji >1A3 l >4 ^jjSjJ - T 

{\f) 4^>s>4 <^>ii 2 j!vIj j fi-ljiia 1&1 a dj^J >2jl AL-j ^gic- C5jl^ C 6 H f ^A±>* jJ >j>ull >1 -V 

( V ) 3a]lsJ! Ja!^ £jJ>yB W<>!’ jl - £ 

cJU*l2t J AjjUjII >i>uit CliUld-a 4-iAuU ^3 bW jJ I 1 L ** J ''V 1 ^ L jf "!. ^ ^ )-^ »•*■-» j — (5 

(v) ^ A-Luiili <. J..u*rtj J L r i §-4 c3J^^ “ ^ 

( V) >2^21 Jl 4Jau2> >A>32t i}y^A -V 


(x ) S0 3 H dlujiLii ^ L?*^ JljUlvd <xUd >fc -A 

J djljj jjSJVI (jc. AiialJi i iAtjSlL (JLiUjjjSJVIj 4>*-Sl cjuSIjSJI 

t&JLcJ dill 09^ ciioJ 

l^AiulJI Jlco 

Ujjj^loJI 4 jQJIJ - rliQjSJl (TXiJlO (JJIJJJ 

oi^LoiJ! cygjLj - j^lj-olli ojqJIj 


i j#i-us>&ui euuu jmmJI wS« «uua M*bi >» 

• vi><uir4rdb-&>Ul l $Mwji-{'U^I tjU - «*U1I Jjjl j>j| 

.VA.o.r.w ■.yH>ivtmirj^ 

___ ; _ / 
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JMJJ JOU iU=! S jjU! 


...A 



ijlfi ajtJalwt i^Jyj 


4*&hj f&* 


J HaSU 
stSjJt j Lap -1 ^Ulal 
^ JjjaU 
jIJLu AUSj 


fiS-i jii^J LuaSU 
dJjljyt 4LwVt J>b- 

i^iaaisa 


jmmJI ^ 

* VV * 1^ H Y W 2GjJLU Cil^^dail 






























j(*4 <7>tt 



***** 


4mAJ1\ 


V % & %' V’^T S i 5 ijjUiil ijUjiall 4jLs 

cUopiUI i£toJ lj^o cion InJ! isiQ : UqUI pj£iJI 
■llfmtl'll JJWLO LJ^O IjJUUJI t£jqiU CUI^lI : tgUllll p^Odl 

ipiiinJI pjuij CUUII p|£iJI 





u&fiaaflS j*Jj Jull uH£aa 





















